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ABSTRACT 
Half of all the coal ash produced in the United States is stored in coal ash ponds. Coal ash 
contains a variety of toxic contaminants, which can contaminate nearby water resources. Georgia 
has a total of eight coal power plants, both active and retired, which all have unlined ash ponds 
without any leachate removal system to prevent groundwater contamination. This research 
analyzes publicly available water quality data from Coal Ash Pond Groundwater monitoring 
reports and focuses on Plant Scherer, Plant Wansley, and Plant Yates within the Piedmont 
Geographic Province. Contaminant concentration patterns and their flow paths suggests that 
some of the higher levels are coming from surface infiltration of dry coal ash surrounding the 
pond, as opposed to leaching from the pond itself. This finding raises questions regarding 
developing practical solutions and best practices that needs to be put in place to prevent 
groundwater contamination in unlined coal ash ponds. 
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1 INTRODUCTION  
1.1 What is Coal Ash?  
Coal combustion residuals (CCRs) are the byproducts of burning coal at electrical power 
plants. CCRs consist of fly ash, bottom ash, boiler slag, and flue gas desulfurization residue 
(FGD), with fly ash being the most abundant in the United States (Punshon et al., 2003). The US 
produces as much as 130 million tons of CCRs annually (American Coal Ash Association, 2011) 
from about 600 power plants (Energy Information Administration, 2016). As much as 57% of 
those CCRs are deposited into surface ponds and landfills (American Coal Ash Association, 
2011), while the rest is reused in various types of construction such as concrete, drywall, roofing 
granules, and asphalt coatings (American Coal Ash Association Educational Foundation, 2015). 
CCRs contain many contaminants, such as heavy metals, which can be toxic even in small 
concentrations that often exceed the U.S. Environmental Protection Agency (EPA) guidelines for 
drinking and aquatic standards (Ruhl et al., 2012). Furthermore, as much as 95% of the coal ash 
ponds in the United States are completely unlined and without any leachate removal system 
(Earth Justice, 2019). This poses a risk for contaminating nearby ground and surface water 
resources via several pathways clearly shown in Figure 1.1.1. 
 
Figure 1.1.1 Potential contamination pathways of coal ash ponds (Harkness et al. 2016) 
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1.2 Significance of Coal Consumption in Georgia 
Georgia was ranked 18th in the US in 2017 for consumption of coal for electricity 
generation, consuming about 1300 thousand tons of coal (U.S. Energy Information 
Administration, 2018). Larger power plants with a capacity of 200 megawatts (MW) and higher 
pose greater contamination risks due to larger output of CCRs and size of ponds. Within this 
capacity category, Georgia has a total of eight coal power plants, four of which are currently 
active: Plant Scherer, Plant Bowen, Plant Wansley, and Plant Hammond (Table 1.2.1). In 2010, 
two of these power plants, Plant Bowen and Plant Scherer, produced the most reported emissions 
of greenhouse gases in the entire United States (EPA, 2016). The other four coal power plants, 
Plant Branch, Plant Yates, Plant McDonough, and Plant Kraft, are either completely retired or 
have been converted to other forms of energy, e.g. natural gas. Furthermore, all of the associated 
coal ash ponds for these coal power plants, whether active or retired, are completely unlined and 
without a leachate removal system in place (Georgia Power, 2018a). Figure 4.1.1 and 4.1.2 in the 
Results and Discussion section shows the locations of all the aforementioned plants in relation to 
Georgia’s principal aquifers and river basins. 
1.3 Study Purpose 
Although four of the power plants with a capacity greater than 200 MW in Georgia are 
retired and no longer burn coal, the coal ash ponds left behind still pose a risk of contaminating 
surrounding water resources. In fact, this risk has been shown by Harkness et al. (2016), who 
documented leaking CCR effluents in an old Georgia coal ash pond from Plant Arkwright, even 
13 years after closing the plant. Located in Macon, Georgia, plant Arkwright was a small 160 
MW coal power plant which began operating in the 1940s (On the LAKE front, 2013). Plant 
Arkwright retired in 2002 and was completely demolished, while the coal ash pond was left 
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Table 1.3.1 Georgia coal power plant list with at least 200 MW capacities. 
Plant Name County 
Capacity 
(MW) 
2010      
Coal CO₂ 
Emissions 
(tons) 
2016 *          
Coal CO₂ 
Emissions 
(tons) 
Status 
Scherer Monroe 3,600 22,800,875 17,518,622 Active 
Bowen Bartow 3,376 20,863,476 15,299,469 Active 
Wansley Heard 1,900 10,685,192 4,814,349 Active 
Branch Putnam 1,746 5,533,783 --- Retired in 2015. 
Yates Coweta 1,487 5,532,417 --- 
Retired in 2015 
from coal. 
Converted to natural 
gas. 
Hammond Floyd 843 2,994,712 1,177,907 Active 
McDonough Cobb 598 2,051,823  
Retired in 2011 
from coal. 
Converted to natural 
gas. 
Kraft Chatham 208 991,820 --- Retired in 2015. 
*The reduction in CO₂ emissions from 2010 to 2016 is likely due Georgia Power’s emission 
control technologies (Georgia Power, 2018b). 
 
behind (On the LAKE front, 2013).  Furthermore, EPA’s current rulings on CCR disposal does 
not do enough to prevent water resource contamination. The final ruling in 2015 only orders coal 
ash ponds to stop receiving CCRs once there is proof of contamination (EPA, 2015). With these 
future risks in mind, a better understanding of how CCR-related contaminants travel through 
water resources is needed to better anticipate contaminant risks and develop best management 
practices for both now and in the future. 
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1.4 Research Questions 
The literature clearly shows that unlined coal ash ponds eventually leach over time 
(Harkness et al., 2016), but the question remains whether there is a clear relationship between 
water flow paths and contaminant risk for Georgia coal ash ponds in the Piedmont. To answer 
this question, this study will be composed of three steps. First, I will generate a map of the 
locations of the eight coal power plants in Georgia in relation to the principal aquifers and major 
river basins using ArcGIS (ESRI, 2017). Second, I will collect and analyze publicly available 
water quality data from Coal Ash Pond Groundwater Monitoring Reports over the reporting year 
of mid-2016 to mid-2017. The analysis aim will be to identify temporal and spatial patterns in 
the concentration of major water chemical constituents and potential contaminants, such as 
Boron (B), Calcium (Ca), Chloride (Cl⁻), Fluoride (F⁻), Sulfate (SO₄2−), total dissolved solids 
(TSS), and various metals (Arsenic (As), Beryllium (Be), Cobalt (Co), Lithium (Li), 
Molybdenum (Mo), Selenium (Se), etc.). I will focus on Plant Scherer, Plant Wansley, and Plant 
Yates, which are all within the Piedmont Geographic Province. These power plants in the 
Piedmont provide enough similarity with respect to river basins and geographic province and 
also dissimilarity with respect to plant capacity and status, which will make for a more in-depth 
analysis and discussion. Lastly, I will create and map groundwater flow paths using the 
groundwater level contour lines within the Coal Ash Pond Groundwater Monitoring Reports. 
Once the higher contaminant wells are identified, I will create a contaminant flow path along 
these wells to analyze contaminant migration distance. 
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2 BACKGROUND 
2.1 Coal Combustion Residuals (CCRs) 
Coal ash, which is often referred to as Coal Combustion Residuals (CCRs), is the 
byproduct of burning coal at electrical power plants. CCRs consist of fly ash, bottom ash, boiler 
slag, and flue gas desulfurization residue (FGD), with fly ash being the most abundant in the 
United States (Punshon et al., 2003). However it should be noted that certain boiler designs may 
produce less fly ash compared to bottom ash (EPA, 2009). Often ‘fly ash’ is specifically 
addressed in the literature, because of its particular importance to the environment. Fly ash has a 
much smaller particle size compared to the other components of CCRs, making it more mobile in 
the air and in aqueous environments. Figure 2.1.1 shows the location of these CCRs within a 
flow diagram of a typical steam electric power plant, with Bottom Ash Sluice representing both 
bottom ash and boiler slag (EPA, 2009). 
2.2 Coal Fly Ash Chemical Composition 
Coal ash is known to have high levels of metals, which become diluted within ash ponds 
and exists mostly in dissolved form (EPA, 2009). The chemical composition of the coal ash 
varies based on the type of coal, the geologic source of the coal, and the power plant operation 
techniques (FHWA, 2016). When considering the coal source, there are four types of coal: 
anthracite, bituminous, subbituminous, and lignite (FHWA, 2016). Fly ash derived from 
bituminous coal is typically high in silica, alumina, iron oxides, and calcium (FHWA, 2016).  
Meanwhile fly ash from lignite and subbituminous coal has higher concentrations of calcium and 
magnesium oxides and lower concentrations of silica and iron oxides when compared to 
bituminous coal (FHWA, 2016). In the US, anthracite is the least burned coal in power plants, 
resulting in very small contributions to fly ash (FHWA, 2016). 
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Figure 2.2.1 Steam electric process flow diagram from steam electric power generating 
point source category: final detailed report 2009, page 3-14 (EPA, 2009). 
 
Table 2.2.1 Normal range of chemical composition of fly ash produced from different 
coal types (FHWA, 2016). 
Component 
Bituminous           
(% by weight) 
Subbituminous 
(% by weight) 
Lignite                   
(% by weight) 
SiO2 20 – 60 40 – 60 15 – 45 
Al2O3 5 – 35 20 – 30 10 – 25 
Fe2O3 10 – 40 4 – 10 4 – 15 
CaO 1 – 12 5 – 30 15 – 40 
MgO 0 – 5 1 – 6 3 – 10 
SO3 0 – 4 0 – 2 0 – 10 
Na2O 0 – 4 0 – 2 0 – 6 
K2O 0 – 3 0 – 4 0 – 4 
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2.3 Coal Ash Disposal 
Depending on the facility, the dry coal ash is either immediately mixed with water and 
transferred to the ash pond via pipes or the ash is transported to a silo for temporary storage 
before transporting to the ash pond (EPA, 2009). The dry coal ash is typically stored on the 
premises of the coal power plant in surface ponds or landfills, which are often placed near water 
bodies such as rivers and lakes. A nearby water source is needed to not only maintain the steam 
turbine processes, but also to transport the coal ash to the ash ponds (EPA, 2009). Of the 130 
million tons of CCRs produced in the US in 2010 (American Coal Ash Association, 2011) from 
about 600 power plants (Energy Information Administration, 2016), approximately 57% were 
placed in surface ponds and landfills, while the rest were reused in various types of construction 
(American Coal Ash Association, 2011). Current regulations from the 2015 final ruling require 
that new CCR landfills and surface ponds use a liner to prevent contaminating groundwater, 
however existing CCR landfills and surface ponds are not required to retrofit a liner or use a 
leachate removal system (EPA, 2015). 
2.4 Coal Fly Ash Leachate Behavior 
The various chemical elements within CCRs can be differently leached or even modified 
by redox and acidity conditions (Schwartz et al., 2016; Theis and Wirth, 1977; Wang et al., 
2009). The amount of Ca within the fly ash heavily influences the pH of the ash water, and the 
mobility of most of the elements in the ash are pH-dependent (Izquierdo and Querol, 2012). 
Izquierdo et al. (2012) provides an excellent overview of the leaching behavior of coal fly ash, 
showing that alkaline fly ash reduces the release of many elements such as Cadmium (Cd), Co, 
Copper (Cu), Mercury (Hg), Nickel (Ni), Lead (Pb), Tin (Sn), or Zinc (Zn), but at the same time 
8 
making many oxyanionic species such as As, B, Chromium (Cr), Mo, Antimony (Sb), Se, 
Vanadium (V), and Tungsten (W) very leachable from fly ash (Izquierdo and Querol, 2012). 
2.5 Current Coal Ash Disposal Regulations 
Effective 2015, CCRs are now regulated by the EPA, such that unlined surface 
impoundments which show evidence of contaminating surrounding water resources are ordered 
to stop receiving CCRs (EPA, 2015). This ruling does require groundwater monitoring around 
the coal ash ponds, however it does not prevent groundwater contamination because of the need 
for proof of contamination.  
The ruling has already documented reports of 113 potential damage cases and 40 proven 
damage cases, which likely underestimates the true number of damage cases (EPA, 2015). The 
EPA also recognizes that several new damage cases are a result of surface impoundment 
structural failures, which have accidentally released large amounts of waste into nearby 
environments (EPA, 2015). In fact, the coal ash spill that happened in Kingston, Tennessee in 
2008 was one of the largest coal ash spills in US history (Ruhl et al., 2010; Ruhl et al., 2009). 
Many environmental groups and organizations are unsatisfied with these rulings because they 
have done very little to prevent coal ash from contaminating nearby air and water resources 
(Southeast Coal Ash). 
2.6 Evidence of Coal Ash Ponds Leaching 
Over the past 30 years, many scientific papers have shown evidence of these ash ponds 
leaking into nearby surface water and groundwater. Meyer and Tucci (1979) uncovered that 
groundwater levels were rising 10-15 feet due to leaking ash ponds near Indiana Dunes National 
Lakeshore, Indiana. Coutant et al. (1978) showed evidence of iron-rich seepage from the Bull 
Run Steam Plant ash pond. Also, Brodie et al. (1989) reported evidence of seepage rich in iron 
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and manganese at the Widows Creek Kingston Steam Plant and the Colbert Steam Plant. More 
recently, Harkness et al. (2016) also showed evidence of coal ash ponds leaking throughout the 
regional Southeastern US by analyzing isotopic boron and strontium. 
2.7 Kingston Coal Ash Spill 
As mentioned previously, the Kingston coal ash spill was one of the largest coal ash spills 
in US history, releasing about 4.1 million cubic meters of ash slurry into tributaries of the Emory 
River and also directly into the Emory River (Ruhl et al., 2009). Ruhl et al. (2009) suggested 
three potential environmental and health impacts immediately after this spill: (1) The local 
communities are at health risk due to fine particles suspended into the atmosphere which contain 
toxic and radioactive elements; (2) Coal ash leaching caused contamination of restricted 
exchange surface waters. However only trace levels were found in the Emory and Clinch Rivers 
because of dilution; (3) Downstream ecology within the rivers will potentially be impacted by 
the mercury and arsenic rich coal ash that has accumulated in the river sediments (Ruhl et al., 
2009). After an 18-month survey of the spill, Ruhl et al. (2010) found similar results of high 
levels of contaminants such as As, Se, B, Sr, and Ba in restricted exchange surface waters and 
also in downstream river sediment pore water as much as 8 km from the spill (Ruhl et al., 2010). 
2.8 Health and Environmental Risks of Coal Ash Ponds 
CCRs contain high levels of contaminants such as heavy metals, which can often exceed 
U.S. EPA guidelines for drinking and aquatic standards (Ruhl et al., 2012). Many of the 
commonly found contaminants in CCR wastewaters cause a variety of health risk to the 
environment and humans, which is shown in Table 2.8.1 from the EPA Steam Electric Power 
Generating Point Source Category: Final Detailed Report (EPA, 2009). Some of these 
contaminants are especially threatening to aquatic systems because of their persistence in the 
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environment and the bioaccumulation that occurs within the organisms, resulting in slow 
recovery following the initial introduction (EPA, 2009). 
 
Table 2.8.1 The potential environmental concern of select coal combustion wastewater 
pollutants (EPA, 2009). 
Compound  Potential Environmental Concern a,b,c,d 
Arsenic  
Frequently observed in high concentrations in coal combustion wastewater; 
causes poisoning of the liver in fish and developmental abnormalities; is 
associated with an increased risk of cancer in humans in the liver and bladder. 
BOD 
(Biological 
Oxygen 
Demand) 
Can cause fish kills because of a lack of available oxygen; increases the 
toxicity of other pollutants, such as mercury. Has been associated with FGD 
wastewaters that use organic acids for enhanced SO2 removal in the scrubber. 
Boron  
Frequently observed in high concentrations in coal combustion wastewater; 
leachate into groundwater has exceeded state drinking water standards; 
human exposure to high concentrations can cause nausea, vomiting, and 
diarrhea. Can be toxic to vegetation. 
Cadmium  
Elevated levels are characteristic of coal combustion wastewater-impacted 
systems; organisms with elevated levels have exhibited tissue damage and 
organ abnormalities. 
Chlorides  
Sometimes observed at high concentrations in coal combustion wastewater 
(dependent on FGD system practices); elevated levels observed in fish with 
liver and blood abnormalities. 
Chromium  
Elevated levels have been observed in groundwater receiving coal combustion 
wastewater leachate; invertebrates with elevated levels require more energy to 
support their metabolism and therefore exhibit diminished growth. 
Copper  
Coal combustion wastewater can contain high levels; invertebrates with 
elevated levels require more energy to support their metabolism and therefore 
exhibit diminished growth. 
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Compound  Potential Environmental Concern a,b,c,d 
Iron  
Leachate from impoundments has caused elevated concentrations in nearby 
surface water; biota with elevated levels have exhibited sublethal effects 
including metabolic changes and abnormalities of the liver and kidneys. 
Lead  
Concentrations in coal combustion wastewater are elevated initially, but lead 
settles out quickly; leachate has caused groundwater to exceed state drinking 
water standards. Human exposure to high concentrations of lead in drinking 
water can cause serious damage to the brain, kidneys, nervous system, and 
red blood cells. 
Manganese  
Coal combustion wastewater leachate has caused elevated concentrations in 
nearby groundwater and surface water; biota with elevated levels have 
exhibited sublethal effects including metabolic changes and abnormalities of 
the liver and kidneys. 
Mercury  
Biota with elevated levels have exhibited sublethal effects including 
metabolic changes and abnormalities of the liver and kidneys; can convert 
into methylmercury, increasing the potential for bioaccumulation; human 
exposure at levels above the MCL for relatively short periods of time can 
result in kidney damage. 
Nitrogen  
Frequently observed at elevated levels in coal combustion wastewater; may 
cause eutrophication of aquatic environments. 
pH  
Acidic conditions are often observed in coal combustion wastewater; acidic 
conditions may cause other coal combustion wastewater constituents to 
dissolve, increasing the fate and transport potential of pollutants and 
increasing the potential for bioaccumulation in aquatic organisms. 
Phosphorus  
Frequently observed at elevated levels in coal combustion wastewater; may 
cause eutrophication of aquatic environments. 
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Compound  Potential Environmental Concern a,b,c,d 
Selenium  
Frequently observed at high concentrations in coal combustion wastewater; 
readily bioaccumulates; elevated concentrations have caused fish kills and 
numerous sublethal effects (e.g., increased metabolic rates, decreased growth 
rates, reproductive failure) to aquatic and terrestrial organisms. Short term 
exposure at levels above the MCL can cause hair and fingernail changes; 
damage to the peripheral nervous system; fatigue and irritability in humans. 
Long term exposure can result in damage to the kidney, liver, and nervous 
and circulatory systems. 
Total 
dissolved 
solids  
High levels are frequently observed in coal combustion wastewater; elevated 
levels can be a stress on aquatic organisms with potential toxic effects; 
elevated levels can have impacts on agriculture & wetlands. 
Zinc  
Frequently observed at elevated concentrations in coal combustion 
wastewater; biota with elevated levels have exhibited sublethal effects such as 
requiring more energy to support their metabolism and therefore exhibiting 
diminished growth, and abnormalities of the liver and kidneys. 
a – Source: [Rowe et al., 2002]. 
b – Source: [NRC, 2006]. 
c – Source: EPA Drinking Water Contaminants 
(http://www.epa.gov/safewater/contaminants/index.html#mcls) 
d – Source: [U.S. EPA, 2007c].  
 
2.9 Coal Power Plants in Georgia 
The four active coal power plants in Georgia are Plant Bowen, Plant Hammond, Plant 
Scherer, and Plant Wansley. Plant Bowen is located southwest of Cartersville, Georgia and 
began operating in 1975. The plant has four coal-fired units with a 3,376 MW capacity for 
electricity, potentially powering 1.9 million homes every year. The ash pond size is 
approximately 15,000,000 cubic yards. Plant managers have been working toward dewatering 
this ash pond since December 2017 in order to prevent further groundwater contamination.  
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Plant Hammond is located in Floyd County, Georgia on 1,100 acres and began operating 
in 1954 (Georgia Power, 2018a). This plant also has four coal-fired units, producing a capacity 
of 843 MW of electricity, with the potential to power about 364,000 homes (Georgia Power, 
2018a). There are two active ash ponds onsite, AP-1 and AP-2, with about 600,000 and 670,000 
cubic yards, respectively, of water and CCRs combined (Georgia Power, 2018a). The one 
inactive ash pond, AP-3, has been dewatered and currently contains about 1,230,000 cubic yards 
of CCRs (Georgia Power, 2018a).  
Plant Scherer is one of largest power plants in the United States, located in Juliette, 
Georgia (Georgia Power, 2018a). Plant Scherer has four coal-fired units with a capacity of 3,600 
MW for electricity, potentially supplying energy to 2 million homes every year (Georgia Power, 
2018a). Plant Scherer’s only ash pond contains about 29,800,000 cubic yards of water and CCRs 
combined (Georgia Power, 2018a).  
Plant Wansley is located in Heard and Carroll counties on 5,200 acres near the 
Chattahoochee River (Georgia Power, 2018a). Plant Wansley began operations in 1976 and 
contains two coal-fired units, with a 1,900 MW capacity to power potentially 1 million homes 
annually (Georgia Power, 2018a). This plant has one ash pond with about 24,600,000 cubic 
yards of water and CCRs combined (Georgia Power, 2018a). 
The four retired coal power plants in Georgia are Plant Branch, Plant Kraft, Plant 
McDonough, and Plant Yates. Plant Branch operated from 1965 to 2015, but still has four ash 
ponds with a combined volume of about 39,000,000 cubic feet (Georgia Power, 2018a). Plant 
Kraft started operating in 1958 and retired its four units in 2015. The ash pond for this plant was 
removed before the EPA CCR rule was effective (Georgia Power, 2018a). 
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Plant McDonough retired its coal-fired units in 2011 and instead added three natural gas 
units in 2012 (Georgia Power, 2018a). Of the four ash ponds, AP-1, AP-3, and AP-4 have been 
dewatered while still containing about 1,260,000 cubic yards, 1,880,000 cubic yards, and 
2,000,000 cubic yards of dry CCRs (Georgia Power, 2018a). Meanwhile ash pond AP-2 
currently contains neither water or CCRs (Georgia Power, 2018a).  
Plant Yates originally had seven coal-fired units, five of which were retired in 2015 
(Georgia Power, 2018a). The other two units were converted to natural gas (Georgia Power, 
2018a). Ash ponds AP-B, AP-B’, and AP-1 have been dewatered and contain 56,815 cubic 
yards, 473,627 cubic yards, and 15,000 cubic yards of CCRs (Georgia Power, 2018a). Ash pond 
AP-A is completely empty of both water and CCRs (Georgia Power, 2018a). Ash pond AP-2 and 
AP-3 still contain about 1,100,000 cubic yards and 770,000 cubic yards of water and CCRs 
(Georgia Power, 2018a). 
2.10 Hydrogeology of Georgia 
Georgia is made up of different physiographic provinces, which have different underlying 
geology and aquifers. The physiographic provinces that coincide with all eight of Georgia’s coal 
power plants, shown in Figure 2.10.1 below, are Ridge and Valley, Piedmont, and Coastal Plain 
(Edwards et al., 2013). The Piedmont physiographic province takes up most of northern Georgia 
above the fault line. The geology here consists of deformed metamorphic and igneous rocks and 
also contains crystalline-rock aquifers (Gordon and Painter, 2018). The Ridge and Valley 
physiographic province is located in the top left corner of Georgia. This area consists of folded 
and faulted sedimentary and metasedimentary rocks with Paleozoic age rock aquifers (Gordon 
and Painter, 2018). The Coastal Plain physiographic province, comprising all of southern 
Georgia below the fault line, contains the most productive aquifers in Georgia. The Coastal Plain 
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is comprised of layers of sand, clay, dolomite, and limestone which dip and thicken towards the 
southeastern coast (Gordon and Painter, 2018). The aquifers here, also shown in Figure 2.10.1 
below, include the Surficial aquifer system, Brunswick aquifer system, Floridan aquifer system, 
Gordon aquifer, Claiborne aquifer, Clayton aquifer, and Cretaceous aquifer system (Gordon and 
Painter, 2018). The surficial aquifer system does span all of the provinces in Georgia and is 
typically unconfined, except for local semiconfined and confined coastal areas (Gordon and 
Painter, 2018). Generally the Coastal Plain aquifers are confined, except near northern limits 
where the aquifers reaches near the land surface (Gordon and Painter, 2018). 
2.11 Soils of Georgia 
The Georgia soil provinces are also organized similar to the physiographic provinces. 
These soils regions (Figure 2.11.1) include Limestone Valley, Blue Ridge, Southern Piedmont, 
Sand Hills, Southern Coastal Plain, and Atlantic Coast Flatwoods (University of Georgia 
Extension, 2008). It should be noted that soil provinces are geographic regions of various soil 
types. Soils types will not be discussed here, however. Georgia alone has over a 100 soil types 
and thoroughly discussing each soil type is beyond the scope of this paper. However, a more 
detailed analysis of the effect of soil on coal ash contaminant migration in the future is 
recommended as it would greatly benefit and further our understanding of how these 
contaminants travel through the subsurface. Georgia’s eight major coal power plants, whether 
active or retired, are within Limestone Valley soil province and Southern Piedmont soil 
province, along with some smaller coal plants within Southern Coastal Plain and Atlantic Coast 
Flatwoods. Soils within Limestone Valley are well drained, strongly acidic, and greatly leached  
16 
 
Figure 2.11.1 Aquifers within each physiographic province in Georgia (Gordon and 
Painter, 2018) 
 
 
17 
and commonly contain clay-enriched subsoil (Environthon, 2014). Soils within Southern 
Piedmont, which is the focus of this paper, are well drained as well and are typically loamy or 
clayey (Environthon, 2014). Southern Coastal Plain soils are typically loamy and ranges from 
overly drained to poorly drained (Environthon, 2014). Lastly, the Atlantic Coast Flatwoods soils 
are loamy or clayey and range from well drained to poorly drained (Environthon, 2014). 
 
 
 
Figure 2.11.2 Georgia soil provinces (University of Georgia Extension, 2008) 
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3 METHODS 
3.1 Georgia Coal Power Plant Map Creation 
For the Georgia Coal Power Plant Principal Aquifer map, the principal aquifer layer was 
sourced from the USGS website (United States Geological Survey, 2017). This layer 
distinguishes the different principal aquifers and their spatial extent. The locations of the coal 
power plants were sourced from google maps (Google, 2019) and their status was found on the 
Georgia Power website (Georgia Power, 2018c). Finally, ArcGIS (ESRI, 2017) was used to 
compile these layers and create a final map. 
There were some difficulties in creating this aquifer map because the data was 
challenging to find. The USGS website, where the aquifer layer is sourced, was difficult to 
navigate because many of the links forward from the older webpage to their newer webpage that 
has a different layout and design, and then sometimes back again to the older webpage. The 
Georgia Power website, where the power plant status information was sourced, was also slightly 
difficult to navigate. During the course of my research, the URL links were changed and 
manually navigating to plant specific webpages from the Georgia Power homepage was a bit 
arduous. To get to the plant-specific webpage, one had to select Company at the top navigation 
bar and click Environmental Compliance. Then one could click either “CCR Rule Compliance 
Information And Data” or “Groundwater Monitoring And Dewatering”, and then scroll all the 
way to the bottom to click “View CCR Plant List”. In the sake of future research, a 
recommendation for Georgia Power to make data access more straightforward is warranted. 
For the Georgia Coal Power Plant River Basin map, the river basin layer was sourced 
from the Atlanta Regional Commission (2018). The rivers layer was sourced from the 
Chattahoochee Riverkeeper (2017). Again, the coal power plant locations were found on google 
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maps (Google, 2019) and the plant status was sourced from the Georgia Power website (Georgia 
Power, 2018c). ArcGIS (ESRI, 2017) was also used to compile these layers to create a final map. 
Aside from the difficulties associated with the Georgia Power website, the river basins 
layer and rivers layer used to create this map were relatively easy to find in ArcGIS with a 
simple word search within the “add data from ArcGIS Online” option. 
3.2 Water Quality Data Collection and Analysis 
Groundwater water quality data was obtained for Plant Scherer, Plant Wansley, and Plant 
Yates, from the Georgia Power groundwater monitoring reports which can be found on the 
Georgia Power website (Georgia Power, 2018c). All water quality data within the pdf reports 
were copied over into excel for physical and temporal analyses, which took a considerable 
amount of time. This included creating graphs for each constituent for all the wells over time 
(shown in the Appendix A, B, and C). Once the wells with higher concentrations were identified, 
I also created water quality summary tables of just these high concentrations wells and 
highlighted their values within the original reports. 
There were some difficulties collecting the water quality data as well. Again, this water 
quality data was difficult to access due to changing URL links and extensive navigation from the 
Georgia Power homepage. Once accessed, the data had to be manually copied from pdf to excel 
format which took a considerable amount of time. The current EPA rulings only require the data 
to be publicly available but doesn’t consider ease of public analysis of that data. Obviously, if 
these reports were already in excel or .csv format, this would have made for easier and quicker 
analysis. Additionally, I was limited in the reporting year of the data that I could access. Georgia 
Power only posts the data from the most current reporting year. Any previous reporting years are 
20 
not made available on the Georgia Power website. Providing access to data from at least five 
previous reporting years would make it possible to analyze the data over a longer timescale. 
3.3 Power Plant Impoundments Map Creation 
Maps showing the impoundments and monitoring wells were then created in ArcGIS for 
Plant Scherer, Plant Wansley, and Plant Yates. Impoundments include any active ash ponds, 
dewatered ash ponds, completely emptied ash ponds, landfills, and onsite storage on the power 
plant premises. Knowing the wells with higher concentrations, this map helps to identify any 
spatial patterns of their locations. Shapefiles of the ash ponds and other impoundments were 
obtained from the organization Southeast Coal Ash (Southeast Coal Ash, 2018). 
3.4 Groundwater Flow Path Map Creation 
Groundwater level contour data was manually traced in ArcGIS from the Georgia Power 
groundwater monitoring reports (Georgia Power, 2018c). Monitoring well and piezometer 
locations were loaded into ArcMap from the coordinates provided within the groundwater 
monitoring reports. Wells and piezometers that were not labelled with coordinates were also 
manually traced in ArcGIS from maps within the reports. Groundwater flow paths were then 
hand drawn in ArcMap perpendicular to the groundwater level contour lines. These flow paths 
were drawn moving from high to low groundwater levels and while also assuming steady state 
conditions. Just enough flow lines were drawn in order to get a general sense of the direction of 
the groundwater flow without visually overwhelming the final map. 
3.4.1 Contaminant Flow Path 
In addition to the groundwater flow paths, a few flow paths were created and designated 
as contaminant flow paths. The contaminant flow paths were created to show contaminant 
migration distance from the high concentration wells. To create these contaminant flow paths, 
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flow paths were again drawn by hand but only along the high concentration wells, where 
possible. The same drawing principals apply here with flow paths moving from high to low 
groundwater levels and flow lines perpendicular to the groundwater level contour lines, while 
assuming steady state conditions. Depending on the number of high concentration wells and 
location of the wells, one to three contaminant flow paths were created for each power plant. 
3.4.2 Contaminant Migration Distance Graphs 
The contaminant flow paths were then graphed in excel to show the contaminant 
migration distance. These graphs showed distance along the flow path on the x-axis and 
contaminant concentration on the y-axis as you went from well to well along the flow path. 
Ideally this graph shows the peak and then decrease in contaminant concentration over the 
distance of that flow path, where one can visually see the maximum distance the contaminate 
concentrations go back to normal on the x-axis. Contaminant concentrations were taken from the 
original groundwater reports. Distance along the flow path, e.g. distance between each well 
along the flow path, were measured in ArcGIS. 
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4 RESULTS AND DISCUSSION 
4.1 Georgia Coal Power Plant Maps 
The first goal of this work is to create a map of the eight major coal power plants in 
relation to the principal aquifers and the major river basins of Georgia. Again, these power plants 
were selected because of their larger capacity (at least 200 MW) and hence their potential for 
larger negative environmental impacts. The four active coal power plants in Georgia are Plant 
Bowen, Plant Hammond, Plant Scherer, and Plant Wansley. The four otherwise retired or 
converted coal power plants in Georgia are Plant Branch, Plant Kraft, Plant McDonough, and 
Plant Yates. The plants with the largest capacities are Plant Scherer, Plant Bowen, and Plant 
Wansley (Table 1.2.1). 
4.1.1 Georgia Coal Power Plants and Principal Aquifers 
Figure 4.1.1 below is a map of the Georgia Coal Power Plants in relation to the principal 
aquifers within the state of Georgia. Five of the power plants, Plant McDonough, Plant Yates, 
Plant Wansley, Plant Scherer, and Plant Branch, are within the Piedmont physiographic province 
which consists of crystalline-rock aquifers. Both Plant Hammond and Plant Bowen are within the 
Ridge and Valley physiographic province. Plant Hammond is underlain by Valley and Ridge 
aquifers, while Plant Bowen is underlain by Valley and Ridge carbonate-rock aquifers. Plant 
Kraft is the only plant within the Coastal Plain physiographic province which is immediately 
underlaid by the surficial aquifer system.  
The five power plants within the Piedmont could potentially contribute to contaminating 
the crystalline-rock aquifer in northern Georgia. The Piedmont and Blue Ridge crystalline-rock 
aquifer consists of a bedrock fracture network which is overlaid by unconsolidated material 
called regolith (Miller, 1990). Groundwater can be accessed from either the regolith, which has a  
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Figure 4.1.1 Georgia coal power plants with capacities of at least 200 MW within the 
different physiographic provinces and principal aquifers of Georgia.  
24 
larger storage capacity, or the fracture network (Miller, 1990). Well yields vary for this aquifer 
but are generally low, 15 to 20 gallons per minute, due to low porosity of the fracture network 
(Miller, 1990). This variation is due to different rock type, the connectivity of the joints and 
fractures, local confined or unconfined conditions, local water use, and climate (Gordon and 
Painter, 2018). Even though yields in this aquifer are considered too small for public water 
supply, many people still access it for domestic and commercial use. Considering this complex 
variation within the aquifer, the potential impacts of coal ash pond contamination are also 
expected to vary. Places that could be impacted the most for this aquifer would nearby small 
towns which rely on the groundwater for domestic and commercial use. These places would have 
relatively continuous joints and fractures and minimal or discontinuous confining layers in the 
regolith. 
Plant Hammond and Plant Bowen are underlaid by sedimentary Paleozoic-rock aquifers 
in the Valley and Ridge province, where flow is dominated by fractures and conduits within the 
bedrock (Miller, 1990). The Valley and Ridge sedimentary rocks are mainly limestone, 
sandstone, and shale (Miller, 1990). The carbonate-rock aquifers within the Valley and Ridge 
consist mostly of limestone and dolomite (Miller, 1990). Because of the large conduits that form 
due to the easily dissolved stone, the carbonate-rock aquifers are very productive yielding as 
much as 10 to 50 gallons per minute (Miller, 1990). The non-carbonate-rock aquifers in the 
Valley and Ridge yield less water but can still yield as much as 10 gallons per minute for 
domestic supplies, depending on the fracture network (Miller, 1990). For the productive 
carbonate-rock aquifers where Plant Bowen is located, the coal ash ponds could potentially 
contaminate their public groundwater supply. However due to the high flow rates, these aquifers 
might potentially dilute much of the contaminants. For the less productive Valley and Ridge 
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aquifers, where Plant Hammond is located, nearby small towns that rely on the groundwater for 
domestic use could potentially be impacted by the coal ash pond contamination. 
Plant Kraft is underlaid by the surficial aquifer system at the surface. Below the surficial 
aquifer lies the Brunswick aquifer system and then the Upper and Low Floridan aquifer. The 
surficial aquifer is made of unconsolidated sediments and is generally unconfined. This aquifer 
has a large spatial extent at the surface of southern Georgia, although it is quite shallow. While 
this aquifer is used by many people, it is mostly used for domestic or commercial supply (Miller, 
1990). The Brunswick aquifer is made of phosphatic and dolomitic quartz sand and is generally 
confined with slightly higher yield than the surficial aquifer (Gordon and Painter, 2018). Below 
the Brunswick aquifer is the Floridan aquifer, which is the most productive aquifer in Georgia 
(Miller, 1990). The Floridan aquifer is also generally confined and made of limestone, dolomite, 
and calcareous sand (Gordon and Painter, 2018). Considering the small capacity of Plant Kraft, 
the potential contamination impact would be limited to nearby surficial aquifer domestic use for 
small towns. The deeper aquifers, Brunswick and Floridan, are probably minimally (if at all) 
impacted due to their upper confining layers. 
4.1.2 Georgia Coal Power Plants and River Basins 
Figure 4.1.2 is a map of the Georgia Coal Power Plants in relation to the major river 
basin within the state of Georgia. Plant Hammond and Plant Bowen are both within the Coosa 
River Basin, in addition to being in the same physiographic province, which drains to the Gulf of 
Mexico near Mobile, Alabama. Plant McDonough, Plant Yates, and Plant Wansley are all within 
the Chattahoochee River Basin, which also drains to the Gulf of Mexico but near Tallahassee, 
Florida. Plant Scherer, the largest capacity coal power plant in Georgia, is within the Ocmulgee 
River Basin. Plant Branch is within the Oconee River basin. Both the Ocmulgee River Basin and  
26 
 
Figure 4.1.2 Georgia coal power plants with capacities of a least 200 MW within the 
different major river basins of Georgia. 
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Oconee River basins join towards the southeast to form the Altamaha River Basin which 
ultimately reaches the Atlantic Ocean on Georgia’s southeastern coast. Lastly, Plant Kraft is 
within the very bottom of the Savannah River Basin, about 25 miles from the Atlantic coast. 
This map demonstrates and confirms, as mentioned earlier, that coal power plants need a 
large water source for their operations. All the power plants are indeed right along major rivers 
in Georgia and their ash ponds are typically located less than three miles from a river. 
Shockingly, some of the power plant ash ponds are less than a half mile from to their respective 
rivers. These include all of Plant Hammond’s ash ponds, retired Plant McDonough’s ash ponds, 
and retired Plant Yates’ ash pond 2. It is also interesting to note that retired Plant Yates and 
active Plant Wansley are less than 10 miles apart along the Chattahoochee river. This map and 
data would be of use to local organizations concerned with protecting and restoring their river 
basins, especially when rivers are over burdened with multiple coal power plants.  
4.2 Water Quality Data Analysis Summary 
The second goal of this work is to identify spatial and temporal patterns in the publicly 
available water quality data from the Coal Ash Pond Groundwater Monitoring Reports over the 
reporting year of mid-2016 to mid-2017 for Plant Scherer, Plant Wansley, and Plant Yates within 
the Piedmont physiographic province. This analysis consisted of moving the data from the 
reports (in .pdf) to excel and creating graphs of the water quality chemical constituents for all the 
monitoring wells over time. The data and graphs are presented in Appendix A, B, and C for Plant 
Scherer, Plant Wansley, and Plant Yates respectively. The graphs show clear temporal and 
spatial patterns in the concentrations of major water chemical constituents and potential 
contaminants. To summarize these findings, I created tables of the water quality data for the 
monitoring wells with the highest concentrations of these constituents. 
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As mentioned briefly before, this groundwater monitoring is one of the requirements for 
the current EPA rulings of disposing of CCRs for electric utilities (EPA, 2015). These rulings 
state that the owner or operator of the power plant is responsible for installing a system of 
monitoring wells, specifying procedures for sampling, and specifying methods for analyzing the 
water samples for various hazardous constituents and other monitoring parameters like TDS 
(EPA, 2015). If the groundwater monitoring exceeds any protection standards, these rulings also 
require some sort of corrective actions to be initiated.  
The protection standards used in the Georgia Power groundwater monitoring reports 
include the EPA Maximum Contaminant Level (MCL) and Secondary Maximum Contaminant 
Level (SMCL). An MCL is a drinking water standard enforced by the EPA which is the 
maximum allowed level of a contaminant in water delivered to public drinking water systems 
(EPA, 2019).  An SMCL is an unenforced drinking water standard by the EPA which serves as a 
guideline for drinking water taste, color, and odor (EPA, 2017). SMCL contaminants are not 
considered hazardous to human health. Only the constituents Cl⁻, SO₄2−, and TDS within this 
water quality data have a SMCL. A few of the constituents in the water quality data, B, Ca, Co, 
Li, and Mo, don’t have an MCL or SMCL. These constituents may have a non-enforced Health 
Advisory (HAs). HAs provide information on the health effects of contaminants in drinking 
water, which are designed to provide guidance for state agencies and public health officials 
(EPA, 2019). However, HAs are not addressed in the groundwater monitoring reports. 
Most of the wording in these rulings gives the power plant complete freedom to figure 
out how many wells they need, where the wells should be located, and how they will collect and 
analyze their samples (EPA, 2015). The rulings only specifically addresses that there be a 
minimum of one upgradient well and three downgradient wells, with a minimum of eight 
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samples collected from each well for the reporting year (EPA, 2015). Georgia Power did collect 
all of their own groundwater samples which were analyzed at independent labs accredited by the 
National Environmental Laboratory Accreditation Program (NELAP). The monitoring wells 
were only sampled eight times for the reporting year, at a frequency of about 2 months. There 
were some discrepancies in the water quality data for Plant Wansley, where wells within very 
close proximity to each other showed extremely different Co, Li, and Radium (Ra) 
concentrations. It is also important to keep in mind that because Georgia Power is conducting 
their own groundwater monitoring (with the exception of performing the laboratory analysis), 
there could be a conflict of interest or bias that may negatively impact the quality of the data. 
4.2.1 Water Quality Data Analysis Summary for Plant Scherer 
For Plant Scherer, monitoring wells SGWC-18, SGWC-9, SGWC-15, SGWC-20, and 
SGWC-8 were found to have the highest concentrations of B, SO₄2−, Se, TDS , Co, Cr, and Ra 
(Table 4.2.1). SGWC-18 had the highest concentrations of B, Co, Ca, SO₄2−, Se, and TDS. This 
well had the highest concentrations of B, SO₄2−, Se, and TDS compared to all the other 
monitoring wells. For SGWC-18, B concentration peaked at almost 5 mg/L in December 2016 
and averaged almost 4 mg/L for the entire reporting year. SO₄2−concentrations are consistently 
high at about 500 mg/L, until dipping down below 400 mg/L in April and June 2017. The 
SO₄2−concentrations averaged about 470 mg/L for the reporting year, which is well above the 
SMCL of 250 mg/L defined by the EPA for drinking water (EPA, 2017). Se peaked at 0.0263 
mg/L in July 2016 and averaged about 0.010 mg/L for the reporting year, which was well below 
the MCL of 0.05 mg/L for Se. TDS values varied, peaking above 700 mg/L in July 2016 and 
December 2016. TDS averaged about 670 mg/L for the entire reporting year, which is well 
above the MCL of 500 mg/L. SGWC-18 also had high levels of Calcium averaging 47 mg/L, 
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however Ca is not considered a contaminant. SGWC-18 also had elevated levels of Co, although 
not the highest, averaging about 0.11 mg/L. 
SGWC-15 had the highest concentrations of Co and Chromium (Cr), moderate levels of 
B, and slightly elevated levels Se. Co levels averaged about 0.27 mg/L for the reporting year. Cr, 
although the highest at an average of 0.033 mg/L, was still below the MCL of 0.1 mg/L. Lastly, 
Se peaked in July 2016 at 0.0101 which was also well below the MCL of 0.05 mg/L. 
SGWC-9 showed high levels of Ca and TDS, and moderate levels of B and SO₄2−. 
SGWC-9 had an average Ca concentration of 53 mg/L which was the highest of all the 
monitoring wells. TDS for this well averaged about 530 mg/L, just above the MCL of 500 mg/L. 
Boron concentrations averaged about 1.7 mg/L, peaking in November 2016 at 2.4 mg/L. Lastly, 
SO₄2−averaged about 300 mg/L which is slightly above the SMCL of 250 mg/L. 
SGWC-20 had the highest levels of Co and moderate levels of B and sulfate. Co 
concentrations averaged at 0.23 mg/L, peaking in November 2016 at 0.26 mg/L and then again in 
April and June 2017 at 0.19 mg/L. B concentrations averaged at 2.1 mg/L, peaking in November 
2016 and February 2017. SO₄2−averaged at about 250, slightly surpassing the SMCL of 250 
mg/L for the months of May, July, and August 2016.  
SGWC-8 had the highest level of Radium (Ra) and high levels of Ca. Ra averaged at 
about 2.3 picocuries per liter (pCi/L), which was distinctly higher than all the other wells but still 
below the MCL of 5 pCi/L. 
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Table 4.2.1 Plant Scherer water quality data summary 
Plant 
Name 
Well ID Substance 
MCL 𝒂 / 
(SMCL) 𝒃 
May 
2016 
July 
2016 
Aug. 
2016 
Nov. 
2016 
Dec. 
2016 
Feb. 
2017 
April 
2017 
June 
2017 
Avg. 𝒆 
Scherer SGWC-18 B N/R 𝑐 3.71 3.8 3.3 4.5 4.8 3.9 3.8 3.6 3.9 
  Co N/R 0.116 0.112 0.13 0.14 0.11 0.11 0.094 0.085 0.11 
  Ca N/R 56.9 46.4 48 51 50 51 35 36 47 
  SO4
 2− (250) 484 490 500 520 510 450 380 390 470 
  Se 0.05 0.023 0.0263 0.0066 0.0057 0.006 0.0055 0.0049 0.0047 0.010 
  TDS (500) 728 742 670 700 720 600 640 540 670 
Scherer SGWC-15 B N/R 1.57 1.36 1.5 1.9 1.5 1.5 1.7 1.7 1.6 
  Co N/R 0.267 0.255 0.26 0.28 0.26 0.24 0.28 0.29 0.27 
  Cr 0.1 0.0335 0.0339 0.034 0.033 0.032 0.030 0.035 0.035 0.033 
  Se 0.05 ND 𝑑 0.0101 0.0014 0.0013 ND ND ND 0.0013 0.0035 
Scherer SGWC-9 B N/R 1.54 1.52 1.6 2.4 1.6 1.6 1.7 1.8 1.7 
  Ca N/A 53.1 52.6 57 53 47 55 56 53 53 
  SO4
 2− (250) 313 280 300 280 280 300 280 340 300 
  TDS (500) 527 562 500 490 510 520 590 550 530 
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Plant 
Name 
Well ID Substance 
MCL 𝒂 / 
(SMCL) 𝒃 
May 
2016 
July 
2016 
Aug. 
2016 
Nov. 
2016 
Dec. 
2016 
Feb. 
2017 
April 
2017 
June 
2017 
Avg. 𝒆 
Scherer SGWC-20 B N/R 1.99 1.88 2 2.5 1.9 2.3 2.0 2.3 2.1 
  Co N/R 0.261 0.23 0.25 0.26 0.26 0.23 0.19 0.19 0.23 
  SO4
 2− (250) 255 270 270 240 240 230 220 240 250 
Scherer SGWC-8 Ca N/R 47.6 47 45 47 45 49 50 50 48 
  Ra 5 2.05 2.9 2.57 2.08 2.25 1.77 2.72 2.07 2.3 
             
a   MCL is the Environmental Protection Agency (EPA) and Georgia Environmental Protection Division (EPD) maximum contaminant level. 
b   (SMCL) is the unenforced secondary maximum contaminant level by EPA. 
c   N/R means the substance does not have an MCL or SMCL. 
d   ND means the substance was either not detected completely by laboratory equipment or detected at levels too low to produce significant    
___values. 
e   Avg. is the average of the sample results for that substance. 
 
All substance results are reported as milligrams per liter (mg/L), except for Radium (Ra) which is reported as picocuries per liter (pCi/L). 
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Plant Scherer’s monitoring wells, ash ponds, and other impoundments are shown below 
in Figure 4.2.1. Plant Scherer’s only ash pond is shown to the northwest of the power plant. The 
well with the highest concentrations of contaminants, SGWC-18, and SGWC-20, are located on 
the southern edge of the dry portion of the ash pond. SGWC-9 and SGWC-8 are located on the 
very northern tip of the ash pond. Meanwhile, SGWC-15 is near the eastern edge of the ash 
pond. The moderate levels of contaminants seen in SGWC-15 are expected because this location 
has a high hydraulic gradient right next to the pond (shown later in Figure 4.3.1). The high levels 
of contaminants for SGWC-18 and SGWC-20 are surprising due to their location on the edge of 
the dry side of the ash pond. This could potentially mean that the contaminants within the dry ash 
at the surface are percolating down to the groundwater in those locations during rain events.  
This location appears to be where the ash water slurry is piped from the power plant. However 
instead of this pipe connecting directly to where the ash pond is filled with water, the pipe ends 
near wells SGWC-18 and SGWC-20. However, it is difficult to identify from the satellite 
imagery exactly where that pipe ends. It could be possible this pipe even has leaks, which would 
contribute to the high concentrations seen at these wells. Additionally, it could also be possible 
the top seal or integrity of those wells have been compromised, which would allow surface 
runoff to infiltrate straight down into the well.  Plant managers would have to thorough 
investigate the integrity of those wells and the piping as well. Finally, the high levels of 
contaminants found in SGWC-8 and SGWC-9 could be due to leaching of the ash pond itself. 
Concentrations were not as high as found in SGWC-18 and SGWC-20 because this location is 
slightly upgradient from the pond and the rest of the power plant. 
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Figure 4.2.1 Plant Scherer Impoundments Monroe County, GA  
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4.2.2 Water Quality Data Analysis Summary for Plant Wansley 
For Plant Wansley, monitoring wells WGWC-16, WGWC-8, WGWC-9, WGWC-15, 
WGWC-5, and WGWC-6 were found to have the highest concentrations of the various water 
chemical constituents (Table 4.2.2). WGWC-16 consistently had the highest levels of the most 
water chemical constituents which includes B, Cl⁻, Ca, SO₄2−, TDS, Co, As, Ra, Li, and Se. 
WGWC-16 had the highest concentrations of B, Cl⁻, Ca, SO₄2−, TDS, and Se compared to all 
the other monitoring wells at Plant Wansley. For WGWC-16, Boron averaged about 6 mg/L for 
the reporting year and only dipped below 5 mg/L during May and July 2016. There were also 
high Cl⁻ levels averaging 290 mg/L, but also remaining above the SMCL of 250 mg/L for most 
of the reporting year. However, Cl⁻ is also not considered a contaminant. Ca concentrations 
steadily increased from about 170 to 350 mg/L for the reporting year. SO₄2− steadily increased 
from about 400 to 780 mg/L, remaining above the SMCL of 250 mg/L. The same trend was seen 
with TDS values which increased from 1080 to 1900 mg/L throughout the reporting year, well 
above the SMCL. The TDS for this well was also the highest compared to the other two power 
plants, i.e. plants Scherer and Yates. WGWC- 16 also showed the highest concentration of Se, 
averaging about 0.011 mg/L although still well below the MCL of 0.05 mg/L. 
WGWC-8 had high concentrations of Li and slightly elevated levels of B, Cl⁻, SO₄2−, and 
TDS. B concentrations averaged about 1.6 mg/L, ranging from 1.2 to 2.0 mg/L. Cl⁻ 
concentrations averaged about 30 mg/L, staying well below the SMCL. SO₄2−concentrations 
ranged from about 150 to 180 mg/L, also staying below the SMCL. TDS was also below the 
SMCL and averaged about 330 mg/L. 
WGWC-9 had high concentrations of Li and slightly elevated concatenations of B and 
Fluoride (Fl⁻). Li levels averaged at about 0.034 mg/L, with most samples staying above 0.030 
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mg/L from September 2016 to August 2017. B concentrations averaged 0.37 mg/L and Fl⁻ 
averaged 1.6 mg/L. 
WGWC-15 had slightly elevated Fl⁻ and As, averaging at 0.88 mg/L and 0.0021 
respectively. WGWC-5 had the highest peak in Co, measuring 0.066 mg/L in January 2016. 
WGWC-6 had the highest concentrations of Ra averaging about 7.23 pCi/L, with most of the 
samples measuring above the MCL of 5 pCi/L throughout the reporting year. 
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Table 4.2.2 Plant Wansley water quality data summary 
Plant 
Name 
Well ID Substance 
MCL 𝒂 / 
(SMCL) 𝒃 
May 
2016 
July 
2016 
Sept 
2016 
Nov. 
2016 
Jan. 
2017 
Mar. 
2017 
April 
2017 
Aug. 
2017 
Avg. 𝒆 
Wansley WGWC-16 B N/R 𝑐 4.48 4.7 5.8 6.7 6.3 5.9 6.2 6.3 5.8 
  Cl⁻ (250) 217 250 260 290 310 330 330 330 290 
  Ca N/R 168 190 230 240 280 260 300 350 250 
  SO4
 2− (250) 388 460 500 530 600 610 620 780 560 
  TDS (500) 1080 1200 1300 1400 1300 1500 1700 1900 1400 
  Co N/R ND 𝑑 0.012 0.013 0.016 0.015 0.014 0.014 0.016 0.014 
  As 0.01 ND ND 0.0014 0.0021 0.0015 0.0014 0.0014 0.0013 0.0015 
  Ra 5 1.03 2.39 3.05 2.87 2.68 1.64 0.878 2.50 2.13 
  Li N/R ND 0.0091 0.012 0.013 0.011 0.010 0.0081 0.013 0.011 
  Se 0.05 ND 0.0075 0.0091 0.0056 0.012 0.012 0.013 0.016 0.011 
Wansley WGWC-8 B N/R 1.42 1.4 1.2 1.3 1.8 1.7 2.0 1.8 1.6 
  Cl⁻ (250) 17.5 19 19 25 33 38 42 48 30 
  SO4
 2− (250) 146 150 140 160 180 170 180 180 160 
  TDS (500) 311 290 270 320 330 370 380 380 330 
  Li N/R ND 0.026 0.057 0.017 0.012 0.014 0.0091 0.013 0.021 
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Plant 
Name 
Well ID Substance 
MCL 𝒂 / 
(SMCL) 𝒃 
May 
2016 
July 
2016 
Sept 
2016 
Nov. 
2016 
Jan. 
2017 
Mar. 
2017 
April 
2017 
Aug. 
2017 
Avg. 𝒆 
Wansley WGWC-9 B N/R 0.314 0.25 0.30 0.61 0.42 0.37 0.38 0.29 0.37 
  F⁻ 4 1.58 2.0 1.8 1.3 1.3 1.4 1.5 1.6 1.6 
  Li N/R ND 0.024 0.039 0.040 0.035 0.034 0.029 0.038 0.034 
Wansley WGWC-15 F⁻ 4 0.779 0.97 0.89 0.88 0.92 0.77 0.95 0.91 0.88 
  As 0.01 ND 0.0031 0.0024 0.0023 0.0019 0.0016 0.0019 0.0017 0.0021 
Wansley WGWC-5 Co N/R ND ND 0.013 0.064 0.0066 0.0026 0.0025 0.0025 0.015 
Wansley WGWC-6 Ra 5 8.00 7.69 6.98 8.78 10.4 0.589 8.22 7.21 7.23 
             
a   MCL is the Environmental Protection Agency (EPA) and Georgia Environmental Protection Division (EPD) maximum contaminant level. 
b   (SMCL) is the unenforced secondary maximum contaminant level by EPA. 
c   N/R means the substance does not have an MCL or SMCL. 
d   ND means the substance was either not detected completely by laboratory equipment or detected at levels too low to produce significant    
___values. 
e   Avg. is the average of the sample results for that substance. 
 
All substance results are reported as milligrams per liter (mg/L), except for Radium (Ra) which is reported as picocuries per liter (pCi/L). 
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Plant Wansley’s ash pond and monitoring wells are shown below in Figure 4.2.2. Plant 
Wansley’s only ash pond is shown to the west of the power plant. The wells with the highest and 
most contaminants, WGWC-16, and WGWC-15, are located on the southwest end of the ash 
pond. These two wells have high concentrations of contaminants because they are downgradient 
from the ash pond (Figure 4.3.5). On the other hand, WGWC-9 and WGWC-8 are located 
between the dry east corner of the ash pond and the coal pile. High concentrations of some 
constituents in both wells also indicates the possibility that surface runoff from the coal pile and 
the dry ash could be contributing to elevated concentrations in WGWC-9 and WGWC-8. Again, 
this could be a result of surface runoff percolating down through the subsurface, leaking pipes 
when the ash slurry is transported to the pond, or compromised well casings allowing runoff 
directly down into the well. It may also be possible this is downgradient contamination from the 
pond itself. Plant managers would have to thoroughly investigate this as well. WGWA-6 and 
WGWA-5 are located on the southwest end of the ash pond as well, but on the northern coast of 
the pond. Both wells are upgradient from the coal ash pond and the power plant, so the few 
elevated concentrations seen here could be due to land use further north or natural causes. 
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Figure 4.2.2 Plant Wansley Impoundments Heard County, GA 
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4.2.3 Water Quality Data Analysis Summary for Plant Yates 
For Plant Yates, monitoring wells YGWC-33S, YGWC-22S, YGWC-32S, YGWC-34I, 
YGWC-32I, YGWA-30I, YGWA-5D, and YGWA-21I were found to have the highest 
concentrations of the various constituents (Table 4.2.3). YGWC-33S consistently had the highest 
concentrations of almost all constituents at the plant. These includes B, Be, Ca, As, SO₄2−, Cd, 
TDS, Se, and Co. B ranged from 8.61 to 15.2 mg/L for the reporting year. Be remained very high 
throughout the reporting year, averaging about 0.0145 mg/L while the MCL is set at 0.004 mg/L. 
High levels of Ca were also seen, ranging from 116 to 139 mg/L. As peaked briefly from June to 
September 2016 below the MCL, then was not detected for the rest of the reporting year for this 
well.  SO₄2−values were also consistently high, averaging about 820 mg/L significantly higher 
than the SMCL of 250 mg/L. Cd levels steadily rose throughout the reporting year ranging from 
0.0014 to 0.033 mg/L, although remaining below the MCL of 0.005 mg/L.TDS values were very 
high as well, averaging about 1210 mg/L for the reporting year. 
YGWC-32S had high levels of Ca, SO₄2−, TDS and Se, and moderate levels of B. For 
this well, Ca concentrations ranged from about 90 to 120 mg/L. SO₄2−concentrations remained 
above the SMCL for most of the reporting year, averaging about 350 mg/L. TDS levels hovered 
slightly above the SMCL of 500 mg/L for most of the reporting year and then peaked at 713 
mg/L in May 2017. Se steadily increased and crossed over the MCL of 0.0500 mg/L during 
November 2016, averaging about 0.0558 mg/L for the reporting year. 
YGWC-32I had high levels of Ca, SO₄2−, and TDS, and moderate levels of B. 
Concentrations averaged 130 mg/L for Ca, 480 mg/L for SO₄2−, and 750 mg/L for TDS, with 
SO₄2−and TDS well above their SMCL of 250 mg/L and 500 mg/L respectively. Boron was only 
moderately elevated, averaging 3.85 mg/L for the reporting year. 
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YGWC-22S had high levels of SO₄2−and TDS, moderate levels of B and Ca, and slightly 
elevated levels of Se. SO₄2−concentrations averaged at about 310 mg/L, consistently above the 
SMCL of 250 mg/L. TDS values were high as well, hovering along the SMCL of 500 mg/L and 
averaging about 510 mg/ L for the reporting year. Concentrations averaged at about 5.30 mg/L 
for B, 52 mg/L for Ca, and 0.0195 mg/L for Se. 
YGWC-34I had moderate levels of B and high levels of Ca, SO₄2−, TDS, Mo, and Se. B 
concentrations averaged about 4 mg/L for the reporting year. Concentrations were relatively high 
for Ca, averaging about 95 mg/L. Sulfate concentrations were above the SMCL of 250 mg/L for 
most of the reporting year, averaging about 310 mg/L. TDS concentrations averaged about 530 
mg/L, just above the SMCL of 500 mg/L for most of the reporting year. YGWC-34I had the 
highest levels of Mo at Plant Yates, averaging 0.0268 mg/L. YGWC-34I also had the highest 
levels of selenium at Plant Yates which averaged at about 0.0750 mg/L. 
YGWA-30I had the highest concentrations of Co, which averaged 0.0273 mg/L for the 
reporting year. YGWA-5D had the highest concentrations of Ra, averaging at about 4.60 pCi/L 
and peaked above the MCL of 5 pCi/L in June and July 2016. YGWA-21I had moderate levels 
of Co, peaking between 0.0130 and 0.010 mg/L from November 2016 to March 2017. 
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Table 4.2.3 Plant Yates water quality data summary 
Plant 
Name 
Well ID Substance 
MCL 𝒂 / 
(SMCL) 𝒃 
June 
2016 
July 
2016 
Sept. 
2016 
Nov. 
2016 
Jan. 
2017 
Mar. 
2017 
May 
2017 
July 
2017 
Avg. 𝒆 
Yates YGWC-33S B N/R 𝑐 12.0 9.89 11.1 11.0 11.8 8.61 13.4 15.2 11.6 
  Be 0.004 0.0120 0.0146 0.0149 0.0152 0.0142 0.0150 0.0154 0.0143 0.0145 
  Ca N/R 130 136 131 116 126 125 129 139 129 
  As 0.01 0.0033 0.0070 0.0054 ND ND ND ND ND ND 
  SO4
 2− (250) 910 830 840 750 790 850 800 810 820 
  Cd 0.005 ND 𝑑 0.0014 0.0017 0.0027 0.0033 0.0031 0.0031 0.0029 0.0026 
  TDS (500) 1200 1300 1220 1170 1150 1160 1280 1170 1200 
  Se 0.05 ND 0.0192 0.0147 ND 0.0122 0.0151 0.0120 0.0106 0.0140 
  Co N/R 0.0370 0.0297 0.0237 0.0144 ND 0.0125 0.0151 0.0121 0.0206 
Yates YGWC-32S B N/R 3.80 3.34 4.29 2.14 4.58 3.41 4.99 3.92 3.81 
  Ca N/R 120 90.1 101 106 110 111 118 131 111 
  SO4
 2− (250) 360 360 ND 360 350 370 360 320 350 
  TDS (500) 500 518 531 552 552 561 713 588 564 
  Se 0.05 0.0320 0.0403 0.0458 0.0531 0.0635 0.0704 0.0716 0.0696 0.0558 
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Plant 
Name 
Well ID Substance 
MCL 𝒂 / 
(SMCL) 𝒃 
June 
2016 
July 
2016 
Sept. 
2016 
Nov. 
2016 
Jan. 
2017 
Mar. 
2017 
May 
2017 
July 
2017 
Avg. 𝒆 
Yates YGWC-32I B N/R 3.90 3.25 4.00 3.59 4.06 3.58 4.84 3.60 3.85 
  Ca N/R 100 82.3 93.4 90.1 97.9 96.7 99.8 106 95.8 
  SO4
 2− (250) 500 500 410 480 490 480 490 450 480 
  TDS (500) 750 723 739 741 717 772 864 723 754 
Yates YGWC-22S B N/R 5.20 4.30 5.22 5.11 5.90 6.57 4.02 5.98 5.29 
  Ca N/R 55.0 45.8 50.4 47.5 52.0 51.7 56.1 54.4 51.6 
  SO4
 2− (250) 310 290 300 320 310 310 300 320 310 
  TDS (500) 470 497 504 505 507 676 476 459 512 
  Se 0.05 0.0250 0.0224 0.0237 0.0209 0.0172 0.0171 0.0149 0.0147 0.0195 
Yates YGWC-34I B N/R 4.40 3.33 4.08 4.25 4.79 3.75 3.26 3.67 3.94 
  Ca N/R 110 87.6 97.3 92.7 93.3 98.2 92.8 93.9 95.7 
  SO4
 2− (250) 370 340 340 170 330 330 300 320 310 
  TDS (500) 560 561 529 514 487 563 536 467 527 
  Se 0.05 0.0600 0.0748 0.0746 0.0814 0.0758 0.0827 0.0734 0.0773 0.0750 
  Mo N/R 0.0260 0.0287 0.0271 0.0261 0.0279 0.0289 0.0255 0.0240 0.0268 
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Plant 
Name 
Well ID Substance 
MCL 𝒂 / 
(SMCL) 𝒃 
June 
2016 
July 
2016 
Sept. 
2016 
Nov. 
2016 
Jan. 
2017 
Mar. 
2017 
May 
2017 
July 
2017 
Avg. 𝒆 
Yates YGWA-30I Co N/R 0.0350 0.0312 0.0275 0.0255 0.0245 0.0272 0.0244 0.0233 0.0273 
Yates YGWA-5D Ra 5 5.11 6.92 3.96 4.53 4.43 4.80 4.16 2.80 4.59 
Yates YGWA-21I Co N/R 0.0056 ND ND 0.0130 0.0110 0.0110 ND ND 0.0102 
 
a   MCL is the Environmental Protection Agency (EPA) and Georgia Environmental Protection Division (EPD) maximum contaminant level. 
b   (SMCL) is the unenforced secondary maximum contaminant level by EPA. 
c   N/R means the substance does not have an MCL or SMCL. 
d   ND means the substance was either not detected completely by laboratory equipment or detected at levels too low to produce significant    
___values. 
e   Avg. is the average of the sample results for that substance. 
 
All substance results are reported as milligrams per liter (mg/L), except for Radium (Ra) which is reported as picocuries per liter (pCi/L). 
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Plant Yates’ impoundments and monitoring wells are shown below in Figure 4.2.3. Plant 
Wansley has six coal ash ponds. Ash ponds AP-B, AP-B’, and AP-1 have been completely 
dewatered but still contain CCRs. Ash pond AP-A is completely empty of both water and CCRs. 
Lastly, ash ponds AP-2 and AP-3 still contain their water and CCRs. The well with the highest 
and most contaminants, YGWC-33S, is located between the northern edge of the Dry Ash 
Landfill and Pond B, slightly upgradient from Ash Pond 2. The high concentrations seen in this 
well could be due to infiltration through the dry ash landfill or infiltration of the dry CCRs within 
Pond B. 
YGWC-32S, YGWC-32I, YGWC-22S, and YGWC-34I are located between the dry ash 
landfill, Ash Pond B’, and Ash Pond 3. These wells seem to have some of the highest 
concentrations of contaminants simply because this location is directly down gradients from 
active Ash Pond 3, the dry ash land fill, and also dry Ash Pond B’. This area seems to locally 
focus the groundwater from these three different sources. 
YGWA-30I is located on the western side of Ash Pond 2. This well’s high levels of Co  
could be due to direct leaching from this pond or from infiltration of dry ash surrounding the 
southern side of Ash Pond 2. YGWA-5D is located on the southern edge of Ash Pond 3, which is 
upgradient from all of the ash ponds and the power plant. The elevated concentrations of Ra for 
YGWA-5D could a result of geogenic source since this location is upgradient from all the ash 
ponds and other impoundments. Lastly, YGWA-21I is also located towards the southeast portion 
of Ash Pond 3 and it’s elevated Co levels could also some leaching from the pond. Although this 
leaching is likely minimal because this location is also upgradient of the ash pond. 
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Figure 4.2.3 Plant Yates Impoundments Coweta County, GA 
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4.3 Contaminant Flow Path 
Below are the groundwater and contaminant flow paths maps for Plant Scherer, Plant 
Wansley, and Plant Yates. These were hand drawn in ArcMap using the groundwater level 
contours from their respective groundwater reports. Groundwater flow paths that ran along the 
high contamination wells were chosen as the contaminant flow path(s) in order to also analyze 
contaminant migration distance. 
4.3.1 Plant Scherer Contaminant Flow Path 
As mentioned before, Plant Scherer’s monitoring wells with the highest concentrations of 
the various constituents were SGWC-18, SGWC-9, SGWC-15, SGWC-20, and SGWC-8 for the 
reporting year mid-2016 to mid-2017. Figure 4.3.1 below shows Plant Scherer’s groundwater 
flow paths, which flow from high to low groundwater levels. Three groundwater flow paths were 
created to get a general sense of the groundwater movement. The groundwater flow appears to 
travel in two different directions. When looking at the water filled portion of the ash pond, the 
groundwater flows towards the eastern edge of the pond where there is a steep hydraulic 
gradient. However, the bottom left area of the map shows groundwater flowing southward 
toward the settling pond and Lake Juliette just below the settling pond.  
Of the groundwater flow paths, three paths were created and designated as a contaminant 
flow path which run along the high concentration wells. Plant Scherer’s Flow Path 1 travels from 
SGWA-3 to SGWA-1 on the western side of the ash pond, and then across the dry ash portion of 
the ash pond to SGWC-18. Flow Path 1 runs a total distance of almost 1.5 miles from SGWA-3 
to SGWC-18. Plant Scherer’s Flow Path 2 travels from SGWA-25 to SGWC-15 across the water 
filled portion of the ash pond, running a total distance of about 0.70 miles. Lastly, Flow Path 3 
travels from SGWA-3 to SGWA-1 and then to SGWC-20 with a total distance of about 1.5 
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miles. SGWC-9 and SGWC-8 were not included in any flow paths because their location on the 
map with respect to the groundwater contour lines didn’t allow for a long enough flow path. This 
suggests the contaminants eventually migrate either east toward the Ocmulgee River and/or 
southeast toward Lake Juliette.  
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Figure 4.3.1 Plant Scherer groundwater flow paths
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4.3.2 Plant Scherer Contaminant Migration Distance 
Figure 4.3.2, 4.3.3, and 4.3.4 below show the graphed migration distances for the high 
concentration water chemical constituents along these flow paths. These graphs show the 
concentrations of these constituents start near zero and increase towards the end of the flow path. 
For Plant Scherer Flow Path 1, which runs from SGWA-3 to SGWC-18, the constituents B, 
TDS, SO₄2−, Co, and Se were graphed (Figure 4.3.2) due to their high concentrations in SGWC-
18. TDS and SO₄2−concentrations dramatically increase, starting off at near zero concentration 
and then climbing up well over their SMCL. Boron and Co levels also increase, going from not 
detected to about 4 mg/L and 0.011 mg/L respectively at SGWC-18. Se concentrations also 
slightly increased from not detected to 0.01 mg/L, although still well below its MCL.  
For Plant Scherer Flow Path 2, which runs from SGWA-25 to SGWC-15, the constituents 
B, Cr, Co, and Se were graphed (Figure 4.3.3) due to their high concentrations in SGWC-15. Cr 
and Se concentrations slightly increased along this flow path, starting at zero for both and 
increasing up to 0.033 mg/L and 0.0036 mg/L respectively.  However, both Cr and Se were still 
well below their MCL throughout this flow path. B and Co levels also increased up to 1.4 mg/L 
and 0.24 mg/L, although these constituents don’t have an MCL or SMCL. For Plant Scherer 
Flow Path 3, running from SGWA-3 to SGWG-20, the constituents B, SO₄2−, and Co were 
graphed (Figure 4.3.4) due to their high concentrations in SGWG-20. SO₄2−levels increased 
from zero to about the SMCL of 250 mg/L at the end of this flow path. B and Co also increase up 
to about 2 mg/L and 0.230, neither of which have an MCL or SMCL.  
Unfortunately, due to the spatial extent of the monitoring wells, the graphs for Plant 
Scherer do not show the entire migration distance. This can be seen by the concentration peak at 
the end of the flow paths. Current EPA rulings only require well monitoring directly surrounding 
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the pond, without respect to the entire contaminant migration distance down the hydraulic 
gradient. Despite this, the findings of high concentrations at the end of Flow Path 1 & 3, still 
further implicate the dry surface ash as a possible contaminant source for the groundwater. 
Elevated concentrations were still seen at the end of Flow Path 2, although not nearly as high and 
as many contaminants as were seen in Flow Paths 1 & 3.
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Figure 4.3.2 Plant Scherer flow path 1 - migration distance (feet) of average TDS, 
𝑆𝑂₄2−, Co, and Se concentrations (mg/L) for the entire reporting year. Flow path 1 travels from 
SGWA-3, to SGWA-1, and then to SGWC-18. 
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Figure 4.3.3 Plant Scherer flow path 2 – migration distance (feet) of average B, Cr, Co & 
Se concentrations (mg/L) for the entire reporting year. Flow path 2 travels from SGWA-25 to 
SGWC-15. 
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Figure 4.3.4 Plant Scherer flow path 3 – migration distance (feet) of average 𝑆𝑂₄2−, B, 
& Co concentrations (mg/L) for the entire reporting year. Flow path 3 travels from SGWA-3, to 
SGWA-1, and then to SGWC-20. 
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4.3.3 Plant Wansley Contaminant Flow Path 
As mentioned before, Plant Wansley’s monitoring wells with the highest concentrations 
of the various constituents were WGWC-16, WGWC-8, WGWC-9, WGWC-15, WGWC-5, and 
WGWC-6 for the reporting year mid-2016 to mid-2017. Figure 4.3.5 below shows Plant 
Wansley’s groundwater flow paths, which flow from high to low groundwater levels. Two 
groundwater flow paths were created to get a general sense of the groundwater movement. The 
groundwater flow appears to travel in one direction here, straight across the ash pond towards the 
southeast where the Chattahoochee River is located just beyond the power plant. Two 
groundwater flow paths were created and designated as a contaminant flow path which run along 
these high concentration wells.  
Plant Wansley’s Flow Path 1 travels from WGWA-5 to WGWA-6 and then to WGWG-
15 and WGWG-16 across the lower portion of the pond. Flow Path 1 runs a total distance of 
almost 0.5 miles from WGWA-5 to WGWG-16. Plant Wansley’s Flow Path 2 travels from 
WGWA-18, to WGWC-9 across the upper portion of the ash pond, and then to WGWG-8 near 
the coal pile. Flow 2 runs a total distance of about 0.8 miles from WGWA-18 to WGWG-8. 
4.3.4 Plant Wansley Contaminant Migration Distance 
Figure 4.3.6, 4.3.7, and 4.3.8 below show the graphed migration distances for some of the 
high concentration water chemical constituents along these flow paths. For Plant Wansley Flow 
Path 1, which runs from WGWA-5 to WGWA-16, the constituents B, TDS, SO₄2−, Co, Se, Li, 
As, and Ra were graphed in Figure 4.3.6 and Figure 4.3.7 due to their high concentrations in 
WGWC-16. The graphs generally show concentrations starting near zero and increasing towards 
the end of the flow path, with a few exceptions. TDS and SO₄2−concentrations increase, starting 
off at near zero concentration and then climbing up well over their SMCL. B and Li levels also 
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increases, going from not detected to almost 6 mg/L and 0.01 mg/L respectively. Co 
concentrations increases overall as well, although WGWA-5 shows elevated concentrations 
while WGWA-6 reported undetected before increasing again at well WGWC-16. Se and As 
levels also slightly increase from zero to 0.01 mg/L and 0.001 mg/L respectively, although still 
well below their MCL. Lastly, Ra has very different migration pattern which potential confirms 
its geogenic origin. For WGWA-5, Ra concentrations starts off near  zero, spikes up to over 7 
pCi/L at WGWA-6, and then decreases down to about 2 pCi/L at WGWC-16. 
For Plant Wansley Flow Path 2, which runs from WGWA-18 to WGWC-9, the 
constituents B, TDS, SO₄2−, Li, and As were graphed in Figure 4.3.8 due to their high 
concentrations in WGWC-8 and WGWC-9. TDS and SO₄2−values also increase along this flow 
path, although concentrations remain below their SMCL. B concentrations also increase up to 2 
mg/L at WGWC-9. Li generally increases as well, although concentrations decrease from 0.035 
to 0.020 mg/L from WGWC-9 to WGWC-8 towards the end of this flow path. Lastly, As levels 
very slightly decreases along flow path 2, although concentrations are all very small and well 
below the MCL of 0.01 mg/L. 
Unfortunately, due to the limited spatial distribution of the monitoring wells we are not 
able see the entire migration distance for Plant Wansley. However, these findings of high 
concentrations at the end of Flow Path 1, implicate the ash pond itself as a potential contaminant 
source for the surrounding groundwater at Plant Wansley. Elevated concentrations were still seen 
at the end of Flow Path 2, although not nearly as high and as many contaminants as were seen in 
Flow Path 1. The close proximity to the coal pile and the dry surface ash towards the northeast 
edge of the pond don’t seem to play as much of a role for contaminating nearby groundwater as 
was seen for Plant Scherer. This could be because Plant Wansley has a much smaller surface 
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area of dry coal ash surrounding their pond compared to Plant Scherer, which could be a result of 
better management practices or their smaller capacity. Plant Wansley appears to have more 
channelized and shorter flow of the ash slurry from the pipe to the ash pond. This shorter and 
narrower flow path for ash slurry could possibly decrease the amount of contaminants that 
percolate into the groundwater before reaching the ash pond. Better management practices at 
Plant Wansley may also contribute to preventing surface runoff from the coal pile.
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Figure 4.3.5 Plant Wansley groundwater flow paths 
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Figure 4.3.6 Plant Wansley flow path 1 - migration distance (feet) of average 𝑆𝑂₄2−, 
TDS, B, Co, & Se concentrations (mg/L) for the entire reporting year. Flow path 1 travels from 
WGWA-5, to WGWA-6, WGWC-15, and then to WGWC-16. 
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Figure 4.3.7 Plant Wansley flow path 1 - migration distance (feet) of average Li, As, & 
Ra concentrations (mg/L and pCi/L) for the entire reporting year. Flow path 1 travels from 
WGWA-5, to WGWA-6, WGWC-15, and then to WGWC-16. 
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Figure 4.3.8 Plant Wansley flow path 2 - migration distance (feet) of average 𝑆𝑂₄2−, 
TDS, B, Li, & As concentrations (mg/L) for the entire reporting year. Flow path 2 travels from 
WGWA-18, to WGWC-9, and then to WGWC-8. 
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4.3.5 Plant Yates Contaminant Flow Path 
As mentioned before, Plant Yates’s monitoring wells with the highest concentrations of 
the various constituents were YGWC-33S, YGWC-22S, YGWC-32S, YGWC-34I, YGWC-32I, 
YGWA-30I, YGWA-5D, and YGWA-21I for the reporting year mid-2016 to mid-2017. Figure 
4.3.9 below shows Plant Wansley’s groundwater levels, while Figure 4.3.10 shows the 
groundwater flow overlaying the various ponds and impoundments. One groundwater flow path 
was created to get a general sense of the groundwater movement. The groundwater generally 
flows northwest towards the Chattahoochee river. Of the groundwater flow paths, one long path 
was created and designated as a contaminant flow path which run along these high concentration 
wells.  
Plant Yates’ contaminant flow path travels from YGWA-20S, YGWA-21I, YGWC-22S, 
YGWC-34I, YGWC-32S / YGWC-32I, YGWC-33S, YGWC-36, and then to YGWC-26S / 
YGWC-26I.  For this flow path, YGWC-32S and YGWC-32I were grouped together and their 
values were averaged due to similar concentrations and very close proximity. YGWC-26S and 
YGWC-26I were also grouped together and their values averaged for the same reason. The flow 
path starts slightly upgradient from active Ash Pond 3 and then travels northwest between the 
dry ash landfill and Pond B’ and Pond B. The flow path then travels across active Ash Pond 2 
towards the Chattahoochee river. This flow path runs a total distance of almost 1.5 miles from 
20S to 26S / 26I. 
4.3.6 Plant Yates Contaminant Migration Distance 
Figure 4.3.11 and 4.3.12 below show the graphed migration distances for some of the 
high concentration water chemical constituents. For Plant Yates’ only flow path, which runs 
from YGWA-20S to YGWC-26S / YGWC-26I, the constituents TDS, SO₄2−, B, Be, As, Cd, Ra, 
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Co, and Se were graphed in Figure 4.3.11 and 4.3.12 due to their high concentrations in YGWC-
33S. These figures show the concentrations start near zero, peak at YGWC-33S, and then 
decrease to almost beginning concentrations at the end of the flow path. TDS and SO₄2−start off 
at near zero concentration, then climbs up well over their SMCL, and finally decrease back 
below their SMCL at concentrations slightly higher than their initial concentrations. B also peaks 
and then decreases, going from not detected, to almost 12 mg/L at YGWC-33S, and then just 
below 1 mg/L at YGWC-26S / YGWC-26I. Be also peaks, measuring over 0.014 mg/L above its 
MCL of 0.004 mg/L, but decreases all the way back down to undetected at the end of the flow 
path. As peaks as well at YGWC-33S, although remains well under the MCL of 0.010 mg/L and 
decreases back down to undetected. Both Cd and Ra peak at YGWC-33S and then decrease 
while still remaining below their MCL. Co peaks at YGWC-33S measuring almost 0.020 mg/L 
and decreases down to near zero. Se quickly peaks at YGWC-33S above its MCL of 0.05 mg/L 
and then decreases down to almost zero. 
Fortunately, for Plant Yates we were able to see nearly the entire migration distance in 
these graphs. The migration distance appears to be about the length of the flow path, 1.5 miles. 
The migration distance may extent a little further, seeing as some of the final concentrations 
were slightly above the initial concentrations. The findings of high concentrations in the middle 
of Plant Yates’ flow path at YGWC-33S, implicates the dry ash landfill, dry ash ponds AP-B’ 
and AP-B, and active AP-3 as a potential contaminant sources for the surrounding groundwater 
in this case. Plant managers need to take special care to check the integrity of this well and 
identify any possible ways to prevent this contamination considering the history and status of the 
different ash ponds. Despite this potential contamination source however, concentrations 
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downgradient near the river were nearly back to undetected. This could be due to either the 
discontinuous nature of the fracture network in the aquifer or dilution of infiltrating river water. 
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Figure 4.3.9 Plant Yates groundwater potentiometric surface map 
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Figure 4.3.10 Plant Yates groundwater flow map 
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Figure 4.3.11 Plant Yates flow path - migration distance (feet) of average 𝑆𝑂₄2−, TDS, B, 
Be, & As concentrations (mg/L) for the entire reporting year. This flow path travels from YGWA-
20S, to YGWA-21I, YGWC-22S, YGWC-34I, YGWC-32S / YGWC-32I, YGWC-33S, YGWC-36, 
and then to YGWC-26S / YGWG-26I. 
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Figure 4.3.12 Plant Yates flow path - migration distance (feet) of average Cd, Ra, Ca, & 
Se concentrations (mg/L) for the entire reporting year. This flow path travels from YGWA-20S, 
to YGWA-21I, YGWC-22S, YGWC-34I, YGWC-32S. YGWC-32I, YGWC-33S, YGWC-36, YGWC-
26S, and to YGWG-26I. 
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5 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The Georgia Coal Power Plants and Principal Aquifer map (Figure 4.1.1) clearly 
demonstrate that the crystalline-rock aquifers of the Piedmont physiographic province are 
potentially at most risk of contamination from leaching coal ash ponds. Five of the eight major 
coal power plants in Georgia, Plant McDonough, Plant Yates, Plant Wansley, Plant Scherer, and 
Plant Branch, are located in this region. The potential impacts are expected to vary however, due 
to the complex variations within the aquifer. Places that could be potentially be impacted the 
most by ash pond contamination would be nearby small towns that rely on the groundwater for 
domestic or commercial use. These locations would have a bedrock fracture network that is 
relatively hydraulically connected to the aquifer under the coal ash ponds and with minimal or 
discontinuous confining layers in the regolith. 
Considering all the other coal power plants, the aquifers within the Coastal Plain and 
Valley and Ridge provinces would be potentially impacted at a much lesser extent. Plant Bowen, 
which is located in the Valley and Ridge province, would likely have the highest impact in this 
category due to its large capacity (comparable to Plant Scherer) and because it overlies the high 
porosity and high flow carbonate-rock aquifers. Carbonate-rock aquifers are very productive and 
are often used for public groundwater supply in these regions. Therefore, coal ash contamination 
from Plant Bowen could potential negatively impact nearby public drinking water, although the 
high flow rates could dilute much of the contaminants. Plant Hammond is also within the Valley 
and Ridge province, although it is underlaid by less productive non-carbonate sedimentary 
aquifers where flow is limited by low porosity fracture networks. Impacts from Plant 
Hammond's coal ash contamination would be very minimal and limited to nearby towns that rely 
on groundwater for domestic use. Plant Kraft would have the least impact on the underlying 
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aquifers in the Coastal Plain due to its small capacity and the various confining layers above the 
more productive Floridan aquifer system. 
The Georgia Coal Power Plants and River Basin map (Figure 4.1.2) reminds us that coal 
power plants are always located near large bodies of water, like rivers, due to their operational 
need for large amounts of water. All eight coal power plants discussed in this paper are less than 
three miles from a major river. Shockingly, three of those power plants, Plant Hammond, Plant 
McDonough, and Plant Yates, have ash ponds that are less than a half mile from a major river. 
Special care and attention should be given to river basins that are overburdened with multiple 
coal power plants, such as the Chattahoochee River Basin. Furthermore, of the three coal power 
plants within the Chattahoochee River Basin, Plant Yates and Plant Wansley are less than 10 
miles apart along the Chattahoochee river. 
After thoroughly analyzing the water quality data for Plant Scherer, Plant Wansley, and 
Plant Yates within the Piedmont province, Plant Yates had the highest concentrations of water 
chemical constituents which contributed the most contamination to its local groundwater. For 
Plant Yates, monitoring wells YGWC-33S, YGWC-22S, YGWC-32S, YGWC-34I, YGWC-32I, 
YGWA-30I, YGWA-5D, and YGWA-21I were found to have the highest concentrations of the 
various constituents (Table 4.2.3). YGWC-33S consistently had the highest concentrations of B, 
Be, Ca, As, SO₄2−, Cd, TDS, Se, and Co. The high concentrations seen in YGWC-33S at Plant 
Yates could be due to infiltration through the dry ash landfill or infiltration of the dry CCRs 
within Pond B. 
One contaminant groundwater flow path was created for Plant Yates. This flow path, 
which travels across Plant Yates' various ash ponds and the coal ash landfill, showed 
concentrations starting near zero, peaking at YGWC-33S, and then decreasing back down near 
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zero concentration at the end of the flow path near the Chattahoochee river. In this case, the total 
migration distance at most 1.5 miles, the length of the entire flow path. These findings of high 
concentrations in the middle of this flow path, implicate the dry ash landfill, dry ash ponds AP-B' 
and AP-B, and active AP-3 as major sources of contamination for the groundwater at Plant 
Yates. 
 Plant Wansley had the second highest concentrations of constituents compared to the 
other two power plants, but still contributed a significant amount of contaminants to its local 
groundwater. Monitoring wells WGWC-16, WGWC-8, WGWC-9, WGWC-15, WGWC-5, and 
WGWC-6 were found to have the highest concentrations (Table 4.2.2), with WGWC-16 having 
the high levels B, Cl⁻, Ca, SO₄2−, TDS, Co, As, Ra, Li, and Se. Plant Wansley’s WGWC-16 
appears to have high concentrations of contaminants because it is downgradient from the entire 
ash pond (Figure 4.3.5). 
Two contaminant groundwater flow paths were created for Plant Wansley. Flow Path 1, 
which travels across lower wet portion of the ash pond, showed the highest levels of groundwater 
contamination at Plant Wansley. Flow Path 1 generally showed concentrations starting near zero 
and then increasing at the end of the flow path. We couldn’t see the total migration distance here 
as well. However, the maximum contaminant migration distance we were able to see from the 
extent of the data was about 0.5 miles for Flow Path 1. Flow Path 2, which travels across both 
the wet and dry portion of the pond, also generally showed increased concentrations along the 
path although not nearly as much as was seen for Flow Path 1. For this instance, Flow Path 1 
implicates the ash pond itself as a major contaminant source for the groundwater at Plant 
Wansley. The dry coal ash along Flow Path 2 doesn't seem to play as much of a role of 
contaminating the groundwater as was seen in Plant Yates and Plant Scherer. This could be due 
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to better management practices that prevent infiltration of ash outside of the wet portion of the 
pond. 
 Surprisingly, even though Plant Scherer has the largest capacity and largest ash pond 
compared to Plant Wansley and Plant Yates, the least highest concentrations where seen here, 
although still contributed a significant amount of contaminants to its local groundwater as well. 
Plant Scherer’s monitoring wells SGWC-18, SGWC-9, SGWC-15, SGWC-20, and SGWC-8 
were found to have the highest concentrations (Table 4.2.1), with SGWC-18 having high 
concentrations of B, Co, Ca, SO₄2−, Se, and TDS. The high levels of contaminants for SGWC-18 
and SGWC-20 are located on the edge of the dry side of the ash pond, which could potentially 
mean the contaminants within the dry ash at the surface are percolating down to the groundwater 
in those locations during rain events.  This location appears to be where the ash water slurry is 
piped from the power plant and doesn’t directly connect to the water filled portion of the pond 
further north.  
Three contaminant groundwater flow paths were created for Plant Scherer. Flow Paths 1 
& 3, which end on the dry ash covered portion of the ash pond, showed the highest levels of 
groundwater contamination at Plant Scherer. Both Flow Path 1 & 3 showed concentrations 
starting near zero and then peaking at the end of the path. Flow Path 2, which only travels across 
the wet portion of the ash pond, also showed increased concentrations at the end of the path 
although not nearly as much as was seen in Flow path 1 & 3. Unfortunately, we weren't able to 
see the total migration distance. However, the maximum contaminant migration distance we 
were able to see from the extent of the data was about 1.5 miles. This further implicates the dry 
surface ash as a major contaminant source for the groundwater at Plant Scherer. 
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Overall, when looking at the water quality data for Plant Scherer, Plant Wansley, and 
Plant Yates, it is shocking that all three power plants had very few constituent concentrations go 
over their MCL or SMCL throughout the reporting year mid-2016 to mid-2017, despite the fact 
there is still no lining in their ash ponds. This might because these ash ponds are as old as 30 to 
70 years old. Plant Scherer was first built in 1982, Plant Wansley began operating in 1976, and 
Plant Yates was built after WWII. It may be possible the ash that has accumulated and settled 
over this long time period has created a somewhat impermeable layer at the bottom of the pond. 
Although there are no current studies that specifically address the impermeability of coal ash 
ponds, there is research related to accumulated sediment in basins which utilize artificial aquifer 
recharge. Artificial recharge involves pumping surplus surface water into a basin for the purpose 
of recharging the underlying unconfined aquifer (National Research Counsel, 1994). It is well 
known that the sediment that collects at the bottom of these artificial recharge basins has a 
clogging effect on the underlying soil which impedes infiltration (National Research Counsel, 
1994). In fact, the sediment that accumulates in these basins has to be completely removed every 
few years to restore higher infiltration rates. Further research is need, however, to specifically 
analyze the extent of the impermeability of the ash ponds. 
However, for areas that still show increased concentrations (although not over many 
MCL/SMCL or without an MCL/SMCL altogether), plant managers should thoroughly inspect 
each power plants to accurately identify any major groundwater contamination sources. Each 
power plant is very different as far as layout, size of the ash ponds, and number of ash ponds and 
other impoundments, which is why each power plant would need to be analyzed in detail 
independently. Plant managers would need to first inspect the integrity of the high concentration 
wells, just to make sure they are properly sealed at the surface to prevent surface runoff down 
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into the well. They would also need to inspect the piping used to pump the ash slurry to the ash 
pond, ensuring there are no leaks. If this piping is not directly connected to the water filled 
portion of the ash pond, plant managers need to extend the piping to prevent surface infiltration 
of dry ash during rain events. Otherwise these areas exposed to dry coal ash need to be lined to 
further prevent contaminant infiltration. Also, any dewatered ash ponds that are still contributing 
to groundwater contamination would need to be inspected. Plant manager should make as much 
of an attempt to seal these dewatered ash ponds, so that the remaining CCRs aren’t infiltrating 
into the groundwater during rain events. This may be a daunting task for these power plants, but 
Georgia Power surely has the resources to follow through with these recommendations in hopes 
of Georgia Power following through with its supposed commitment to protecting groundwater 
from contamination. Lastly, the methodology of research adopted in this paper could serve as a 
useful template for others interested in conducting this risk analysis on other coal power plants. 
With the continued public release of monitoring well data for every reporting year, those 
interested can continue to analyze these risks in the future. 
  
76 
REFERENCES 
American Coal Ash Association, 2011. 2010 Coal Combustion Product (CCP) Production & Use 
Survey Report, American Coal Ash Association. <https://www.acaa-
usa.org/Portals/9/Files/PDFs/2010_CCP_Survey_FINAL_102011.pdf>. 
American Coal Ash Association Educational Foundation, 2015. Sustainable Construction with 
Coal Combustion Products. <https://www.acaa-
usa.org/Portals/9/Files/PDFs/Sustainability_Construction_w_CCPs(Consolidated).pdf>. 
Atlanta Regional Commission, 2018. River Basins Georgia feature layer. 
<https://www.arcgis.com/home/item.html?id=9c7a1719eb814540b3cf81326c8bcf29>. 
Brodie, G.A., Hammer, D.A., Tomljanovich, D.A., 1989. Constructed Wetlands for Treatment of 
Ash Pond Seepage, Boca Raton, FL. 
Chattahoochee River Keeper, 2017. MajorRivers_GA feature layer. 
<https://www.arcgis.com/home/item.html?id=728086e14c7c4445badb34693dfd1e96>. 
Coutant, C.C., Wasserman, C.S., Chung, M.S., Rubin, D.B., Manning, M., 1978. Chemistry and 
Biological Hazard of a Coal Ash Seepage Stream. Journal (Water Pollution Control 
Federation), 50(4): 747-753. 
Earth Justice, 2019. Mapping the Coal Ash Contamination. 
<https://earthjustice.org/features/map-coal-ash-contaminated-sites>. 
Edwards, L., Ambrose, J., Kirkman, L.K., 2013. The Natural Communities of Georgia. The 
University of Georgia Press, Athens, GA. 
Energy Information Administration, 2016. Count of Electric Power Industry Power Plants, by 
Sector, by Predominant Energy Sources within Plant, 2006 through 2016, Energy 
77 
Information Administration. 
<https://www.eia.gov/electricity/annual/html/epa_04_01.html>. 
Environthon, National Conservation Foundation. 2014. General Soil map of Georgia with Major 
Land Resource Area (MLRA) Descriptions. 
<http://www.envirothon.org/files/2014/GA_General_Soil_Information_Report.pdf>. 
ESRI, 2017. ArcGIS Desktop. Version 10.6. <https://www.ersi.com>. 
Georgia Power, 2018a. CCR Rule Compliance Plant Specific Data. Georgia Power. 
<https://www.georgiapower.com/company/environmental-compliance/ccr-rule-
compliance-data/ccr-rule-compliance-plant-list.html>. 
Georgia Power, 2018b. Fossil Plants. <https://www.georgiapower.com/company/energy-
industry/generating-plants/fossil-plants.html>. 
Georgia Power, 2018c. Groundwater Monitoring, Dewatering and Ash Pond Closure Plant 
Specific Data. <https://www.georgiapower.com/company/environmental-
compliance/ground-monitoring-dewatering/groundwater-monitoring-dewatering-plant-
list.html>. 
Google, 2019. Google Maps. <https://www.google.com/maps>. 
Gordon, D.W., Painter, J.A., 2018. Groundwater conditions in Georgia, 2015–16. 2017-5142, 
Reston, VA. 
Harkness, J.S., Sulkin, B., Vengosh, A., 2016. Evidence for Coal Ash Ponds Leaking in the 
Southeastern United States. Environmental Science & Technology, 50(12): 6583-6592. 
Izquierdo, M., Querol, X., 2012. Leaching behaviour of elements from coal combustion fly ash: 
An overview. International Journal of Coal Geology, 94: 54-66. 
78 
Meyer, W.R., Tucci, P., 1979. Effects of seepage from fly-ash settling ponds and construction 
dewatering on ground-water levels in the Cowles unit, Indiana Dunes National 
Lakeshore, Indiana. 78-138, Indianapolis, IN. 
Miller, J.A., 1990. Ground Water Atlas of the United States: Alabama, Florida, Georgia, and 
South Carolina, United States Geological Survey. 
National Research Counsel, 1994. 1 An Introduction to Artifical Recharge, Ground Water 
Recharge Using Waters of Impaired Quality. National Academy Press, Washington, DC. 
On the LAKE front, 2013. Georgia Power's Plant Arkwright site still unused 11 years later. 
<http://www.l-a-k-e.org/blog/2013/06/georgia-powers-plant-arkwright-site-still-unused-
11-years-later.html>. 
Punshon, T., Seaman, J.C., Sajwan, K.S., 2003. The production and use of coal combustion 
products, Chemistry of Trace Elements in Fly Ash. 
Ruhl, L., Vengosh, A., Dwyer, G.S., Hsu-Kim, H., Deonarine, A., 2010. Environmental Impacts 
of the Coal Ash Spill in Kingston, Tennessee: An 18-Month Survey. Environmental 
Science & Technology, 44(24): 9272-9278. 
Ruhl, L. et al., 2009. Survey of the Potential Environmental and Health Impacts in the Immediate 
Aftermath of the Coal Ash Spill in Kingston, Tennessee. Environmental Science & 
Technology, 43(16): 6326-6333. 
Ruhl, L. et al., 2012. The Impact of Coal Combustion Residue Effluent on Water Resources: A 
North Carolina Example. Environmental Science & Technology, 46(21): 12226-12233. 
Schwartz, G.E. et al., 2016. Leaching potential and redox transformations of arsenic and 
selenium in sediment microcosms with fly ash. Applied Geochemistry, 67: 177-185. 
79 
Southeast Coal Ash, Coal Ash Storage. Southeast Coal Ash. 
<http://www.southeastcoalash.org/about-coal-ash/coal-ash-storage/>. 
Southeast Coal Ash, 2018. Data: GIS shapefile of all impoundments. 
<http://www.southeastcoalash.org/>. 
Theis, T.L., Wirth, J.L., 1977. Sorptive behavior of trace metals on fly ash in aqueous systems. 
Environmental Science & Technology, 11(12): 1096-1100. 
U.S. Department of Transportation Federal Highway Administration, 2016. User Guidelines for 
Waste and Byproduct Materials in Pavement Construction: Coal Fly Ash, U.S. 
Department of Transportation Federal Highway Administration. 
<https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/97148/016.cf
m>. 
U.S. Energy Information Administration, 2018. Electric Power Monthly with Data for December 
2017, U.S. Energy Information Administration, Washington, DC. 
<https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_2_08_a>. 
U.S. Environmental Proection Agency, 2017. Secondary Drinking Water Standards: Guidance 
for Nuisance Chemicals. <https://www.epa.gov/dwstandardsregulations/secondary-
drinking-water-standards-guidance-nuisance-chemicals>. 
U.S. Environmental Proection Agency, 2019. Drinking Water Contaminant Human Health 
Effects Information. <https://www.epa.gov/dwstandardsregulations/drinking-water-
contaminant-human-health-effects-information>. 
U.S. Environmental Protection Agency, 2009. Steam Electric Power Generating Point Source 
Category: Final Detailed Report. EPA 821-R-09-008, U.S. Environmental Protection 
80 
Agency, Washington, DC. <https://www.epa.gov/sites/production/files/2015-
06/documents/steam-electric_detailed_study_report_2009.pdf>. 
U.S. Environmental Protection Agency, 2015. Hazardous and Solid Waste Management System; 
Disposal of Coal Combustion Residuals From Electric Utilities: Final Rule, Washington, 
DC, pp. 21302 - 21501. <https://www.epa.gov/coalash/coal-ash-rule>. 
U.S. Environmental Protection Agency, 2016. Facility Level Information on Greenhouse Gases 
Tool, U.S. Environmental Protection Agency. <https://ghgdata.epa.gov/ghgp/main.do#>. 
United States Geological Survey, 2017. Aquifers: Map of the Principal Aquifers of the United 
States. <https://water.usgs.gov/ogw/aquifer/map.html> 
University of Georgia Extension, 2008. Soil and Fertilizer Management Considerations for 
Forage Systems in Georgia. 
<http://extension.uga.edu/publications/detail.html?number=B1346&title=Soil%20and%2
0Fertilizer%20Management%20Considerations%20for%20Forage%20Systems%20in%2
0Georgia>. 
Wang, T., Wang, J.M., Tang, Y.L., Shi, H.L., Ladwig, K., 2009. Leaching Characteristics of 
Arsenic and Selenium from Coal Fly Ash: Role of Calcium. Energy & Fuels, 23(5-6): 
2959-2966. 
 
  
81 
APPENDICES  
Appendix A Plant Scherer Water Quality Graphs 
Below are the water quality graphs that were created to identify the wells with highest 
contaminant concentrations for Plant Scherer. These were create in excel after collecting the 
water quality data from the Plant Scherer groundwater report (Georgia Power, 2018c). These 
graphs show the concentration of various chemical constituents for each monitoring well over 
time, which includes: Boron, Calcium, Chloride, Fluoride, SO₄2−, TDS, Antimony, Arsenic, 
Barium, Beryllium, Cadmium, Chromium, Cobalt, Lead, Lithium, Mercury, Molybdenum, 
Radium, Selenium, and Thallium. The graphs below are grouped according to similar shapes and 
patterns. Constituents which were shown as not detected (ND) in the groundwater reports are not 
show below. Graphs with a red line labeled MCL represents the EPA and EPD Maximum 
Contaminant Level. Graphs with a red line labeled SMCL represents the unenforced EPA 
Secondary Maximum Contaminant Level. 
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Appendix A.1 Plant Scherer Boron Concentration (mg/L) 
 
Appendix A.2 Plant Scherer Calcium Concentration (mg/L) 
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Appendix A.3 Plant Scherer 𝑺𝑶₄𝟐−Concentration (mg/L) 
 
 
Appendix A.4 Plant Scherer TDS Concentration (mg/L) 
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Appendix A.5 Plant Scherer Cobalt Concentration (mg/L) 
 
 
Appendix A.6 Plant Scherer Chromium Concentration (mg/L) 
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Appendix A.7 Plant Scherer Chromium Concentration (mg/L) 
 
Appendix A.8 Plant Scherer Radium Concentration (pCi/L) 
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Appendix A.9 Plant Scherer Lithium Concentration (mg/L) 
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Appendix B Plant Wansley Water Quality Graphs 
Below are the water quality graphs that were created to identify the wells with highest 
contaminant concentrations for Plant Wansley. These were create in excel after collecting the 
water quality data from the Plant Scherer groundwater report (Georgia Power, 2018c). These 
graphs show the concentration of various chemical constituents for each monitoring well over 
time, which includes: Boron, Calcium, Chloride, Fluoride, SO₄2−, TDS, Antimony, Arsenic, 
Barium, Beryllium, Cadmium, Chromium, Cobalt, Lead, Lithium, Mercury, Molybdenum, 
Radium, Selenium, and Thallium. The graphs below are grouped according to similar shapes and 
patterns. Constituents which were shown as not detected (ND) in the groundwater reports are not 
show below. Graphs with a red line labeled MCL represents the EPA and EPD Maximum 
Contaminant Level. Graphs with a red line labeled SMCL represents the unenforced EPA 
Secondary Maximum Contaminant Level. 
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Appendix B.1 Plant Wansley Boron Concentration (mg/L) 
 
 
Appendix B.2 Plant Wansley Calcium Concentration (mg/L) 
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Appendix B.3 Plant Wansley Fluoride Concentration (mg/L) 
 
Appendix B.4 Plant Wansley Chloride Concentration (mg/L) 
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Appendix B.5 Plant Wansley 𝑺𝑶₄𝟐−Concentration (mg/L) 
 
Appendix B.6 Plant Wansley TDS Concentration (mg/L) 
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Appendix B.7 Plant Wansley Cobalt Concentration (mg/L) 
 
Appendix B.8 Plant Wansley Molybdenum Concentration (mg/L) 
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Appendix B.9 Plant Wansley Lithium Concentration (mg/L) 
 
Appendix B.10 Plant Wansley Arsenic Concentration (mg/L) 
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Appendix B.11 Plant Wansley Radium Concentration (pCi/L) 
 
Appendix B.12 Plant Wansley Selenium Concentration (mg/L) 
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Appendix C Plant Yates Water Quality Graphs 
Below are the water quality graphs that were created to identify the wells with highest 
contaminant concentrations for Plant Yates. These were create in excel after collecting the water 
quality data from the Plant Scherer groundwater report (Georgia Power, 2018c). These graphs 
show the concentration of various chemical constituents for each monitoring well over time, 
which includes: Boron, Calcium, Chloride, Fluoride, SO₄2−, TDS, Antimony, Arsenic, Barium, 
Beryllium, Cadmium, Chromium, Cobalt, Lead, Lithium, Mercury, Molybdenum, Radium, 
Selenium, and Thallium. The graphs below are grouped according to similar shapes and patterns. 
Constituents which were shown as not detected (ND) in the groundwater reports are not show 
below. Graphs with a red line labeled MCL represents the EPA and EPD Maximum Contaminant 
Level. Graphs with a red line labeled SMCL represents the unenforced EPA Secondary 
Maximum Contaminant Level. 
 
Appendix C.1 Plant Yates Boron Concentration (mg/L) 
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Appendix C.2 Plant Yates Calcium Concentration (mg/L) 
 
Appendix C.3 Plant Yates 𝑺𝑶₄𝟐−Concentration (mg/L) 
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Appendix C.4 Plant Yates TDS Concentration (mg/L) 
 
 
Appendix C.5 Plant Yates Beryllium Concentration (mg/L) 
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Appendix C.6 Plant Yates Arsenic Concentration (mg/L) 
 
 
Appendix C.7 Plant Yates Cadmium Concentration (mg/L) 
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Appendix C.8 Plant Yates Molybdenum Concentration (mg/L) 
 
 
Appendix C.9 Plant Yates Selenium Concentration (mg/L) 
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Appendix C.10 Plant Yates Cobalt Concentration (mg/L) 
 
 
Appendix C.11 Plant Yates Radium Concentration (pCi/L) 
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Appendix C.12 Plant Yates Fluoride Concentration (mg/L) 
 
 
Appendix C.13 Plant Yates Barium Concentration (mg/L) 
 
 
